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BREEDING AND EVALUATION FOR IMPROVED 
RICE VARIETIES: ARKANSAS RICE 
PERFORMANCE TRIALS 1990-1.991 
KA.K Moldenhauer, KA. Gravois, F.N. Lee, R.J. Norman, 
B.R. Wells, R.H. Dilday, P.C. Rohman and M.M. Blocker 
ABSTRACT 
Data from the 1991 Arkansas Rice Performance Trials are presented. 
The newly released variety 'Orion' and varieties 'Alan', 'Millie', 'RT7015' 
and 'Katy' all performed very well. Two new experimental lines from the 
Katy crosses also did well this season. 
INTRODUCTION 
Rice vanetles differ in grain and milling yield potential, maturity, 
straw strength, resistance to diseases and cooking and processing character-
istics. Rice producers require up-to-date information to choose the appro-
priate varieties to grow. Growing more than one variety and spreading the 
planting dates reduces the risk from diseases and unfavorable weather con-
ditions and allows for timely harvest. The Arkansas Rice Performance 
Trials (ARPT) are conducted in the rice-producing areas of the state in 
order to obtain information on and compare promising new experimental 
lines and newly-released varieties from the breeding programs in Arkansas, 
Texas, Louisiana and California with established varieties currently grown 
by Arkansas producers. A summary of these data, the Arkansas Rice 
Pe,fonnance Trials by the University of Arkansas Cooperative Extension 
Service, is made available to producers to allow them to compare varieties 
grown in different parts of the state and to help them choose the best 
varieties for their situation. Data are presented as one- and two-year 
averages. Data averaged over two or more years are generally more reliable 
for predicting actual rice variety performance. Data for such important 
traits as grain and milling yields, grain size, days to maturity (with its effect 
on pumping costs), lodging resistance and market demand are given. 
PROCEDURES 
The performance trials were conducted at five locations in Arkansas: 
Rice Research and Extension Center, Stuttgart (RREC); Cotton Branch 
Experiment Station, Marianna (CBES); Northeast Research and Extension 
Center, Keiser (NEREC); Pine Tree Experiment Station, Colt (PTES); and 
Southeast Branch Experiment Station, Rohwer (SEBS), with four replica-
tions per location. The trials were replicated to reduce soil differences and 
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to decrease the amount of experimental error. Twelve entries, which were 
either promising new lines or established varieties, were grown in each of 
the three maturity groups (very short season, short season and midseason). 
Data collected from the trials, including plant height, maturity, lodging, 
kernel weight, percent head rice, percent total rice and grain yield as well as 
disease information, are presented in Tables 1, 2 and 3. The 6-row plots 
are 15 ft long and 4 ft wide. A 12-ft length of the center two or four rows 
is cut for determining grain yield, depending upon location. Cultural 
practices varied somewhat among locations, but in general the trials were 
grown under conditions of high productivity as recommended by the Uni-
versity of Arkansas Cooperative Extension Service Rice Production Hand-
book (Helms, 1990). 
RESULTS AND DISCUSSION 
The ARPT in 1991 averaged 6679 lb/acre (148 bu/acre) of rice com-
pared to the estimated state average yield in Arkansas of 5310 lb/acre (118 
bu/acre) reported by the U.S. Department of Agriculture. This difference is 
consistent with the differences usually seen between small-plot research and 
commercial field yields. The data reported in Table 1 give the two-year 
average for 1990-1991. The highest-yielding rice entries in the very-short-
season maturity group for the period were RU9001007, L202, RT7015 and 
Alan with average grain yields of 7353, 6783, 6775 and 6668 lb/acre, 
respectively. Millie had the highest head rice yield in the very-short-season 
group at 62% compared to 60% for RT7015, 55% for Alan, 54% for L202 
and 47% for the line RU9001007. 
Orion, the newly released medium grain, had the highest grain yield in 
the short-season group (Table 1) for the two-year average at 7259 lb/acre, 
followed by 'Mars' at 7142 lb/acre. 'Rico I', the medium grain from 
Texas, yielded 6829 lb/acre. In the midseason group, Katy, the variety 
with excellent blast resistance, yielded as well as 'Lemont' and 'Newbonnet' 
(Table 1). 
The data from the 1991 ARPT are presented in Table 2. RU9001007 
was again the highest-yielding very-short-season line at 7065 lb/acre fol-
lowed by 'Rosemont', a newly released line from Texas, at 6914 lb/acre. 
Alan yielded 6563 lb/acre. Millie had the highest head rice yield at 65 % , 
and Alan was next at 62 % • In the short-season group, Orion had the 
highest yield at 7271 lb/acre. The line RU9001096 was the highest-yield-
ing long grain in this group at 7026 lb/acre. It was followed by the line 
Katy/Newbonnet, STG88P2-89, at 6782 lb/acre. In the midseason group 
the highest-yielding lines were RU9101161 and RU9001191, which yielded 
6737 and 6707 lb/acre, respectively. The cross M201/Katy, STG88P3-91, 
also did well at 6586 lb/acre. Of the named varieties 'Lacassine', the new 
release from Louisiana, had the highest grain yield at 6669 lb/acre. Lemont, 
Katy and Newbonnet yielded 6308, 6295 and 5666, respectively. In 1991, 
head rice yields for Katy and Newbonnet averaged five percentage points 
higher than those for Lacassine or Lemont. 
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Disease data for the varieties are given in Table 3. All of the very-
short-season varieties are susceptible to blast. Alan and Millie have shown 
some tolerance to sheath blight, rating a 7 and 6, respectively, on a scale 
0=immune, 9=maximum disease. Katy is the only long grain variety 
currently available to producers with resistance to the four common blast 
races in Arkansas. 
SIGNIFICANCE OF FINDINGS 
Based on data obtained from these trials and other yield tests, Orion 
was released to qualified seed growers for seed production during the 1991 
growing season. These data also have shown the benefits of Alan, Millie 
and Katy. All available seed of these varieties were grown in 1991, 
accounting for 18.5% of the state's acreage. Producer acceptance of these 
new varieties is high, and they will account for a larger percentage of the 
acreage in 1992. Lacassine, a new Louisiana variety that is being released 
jointly by several states including Arkansas, was in the ARPT for the first 
time in 1991. It performed very well in the ARPT in 1991; therefore, 
consideration will be given to growing a foundation seed field of Lacassine 
at Stuttgart in 1992. 
LITERATURE CITED 
1. Helms, R.S. 1990. Rice Production Handbook. University of Arkansas 
Cooperative Extension Service. MP 192. Little Rock, Arkansas. 
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,,:. Table 1. Results of the Arkansas Rice Performance Trials from 1990 and 1991. 
Straw 50% Plant Kernel Milling Yield Grain Yield 
Entry Strn.1 Head.2 Ht Weight Whole Total NEREC3 CBES PTES RREC SEBS Avg. 
(Rating) (Days) (In.) (mg) --%-- b/acr 
Very-short-season 
Alan 3 81 38 16.0 55 71 6618 5217 6754 7467 7285 6668 
L202 1 82 35 20.1 54 70 7338 5090 6804 7926 6759 6783 r Maybelle 2 78 37 17.2 51 72 6830 4849 6555 7769 6790 6559 Millie 3 83 39 19.3 62 72 6485 5587 6673 7416 6759 6584 
RT7015 83 34 17.6 60 71 6656 5091 6901 7818 7410 6775 ~ 
RU9001007 3 84 40 19.8 47 70 7343 5851 7537 8214 7822 7353 trj 
Texmont 82 31 19.5 49 71 6823 4257 6531 7854 5854 6264 ~ 
Short-season e:! 
Mars 5 88 45 18.0 64 71 7058 6439 7012 7693 7510 7142 a:: t:Zj 
Orion 4 88 42 16.3 65 72 7702 6385 6702 7751 7753 7259 z ~ 
Rico-1 6 90 43 18.4 66 73 6629 6240 6486 7932 6856 6829 r:n 
Tebonnet 6 83 48 17.3 59 71 6858 4723 6332 7039 7239 6438 ~ 
~ 
Mldseason 0 z 
Katy 3 90 44 15.1 61 71 6120 6069 6413 6771 6669 6408 
~ Lemont 90 35 19.6 56 73 6419 5630 5989 7302 6587 6385 00 
Newbonnet 2 93 43 16.3 62 72 6438 5513 5422 6725 7082 6236 t:Zj 
1Relative straw strength based on field tests using the scale: 0=very strong straw, 9=very weak straw. ~ 
2Number of days from effective seeding date until 50% of the panicles (heads) are visibly emerging from the boot. :i:: r:n 3NEREC=Northeast Research and Extension Center, Keiser, Arkansas; CBES=Cotton Branch Experiment Station, Marianna, Arkansas; t:Zj 
PTES=Pine Tree Experiment Station, Colt, Arkansas; RREC=Rice Research and Extension Center, Stuttgart, Arkansas; SEBS=Southeast e:! 






Table 2. Results of the Arkansas Rice Performance Trials from 1991. r Straw 50% Plant Kernel Milling Yield Grain Yield Entry Strn.1 Head.2 Ht Weight Whole Total NEREC3 CBES PTES RREC SEBS Avg. 
(Rating) (Days) (In.) (mg) --%-- b/acr 00 
~ 
Very-short-season 
~ Alan 3 80 40 16.0 62 71 5932 5017 6721 7538 7605 6563 
L202 1 78 35 19.9 56 70 6864 5061 6404 7780 6154 6453 
(') 
t.zl 
Maybelle 2 74 37 16.7 56 72 7233 5180 5971 7613 7127 6625 ~ Millie 3 80 40 19.2 65 72 6365 5693 6474 7172 7133 6567 00 
Rosemont 1 79 34 19.1 60 72 7080 5188 6849 7958 7493 6914 t.zl 
AT7015 1 79 34 17.5 61 71 6367 5052 6723 7800 7665 6721 ~ 
AU9001007 3 79 42 20.4 58 70 6479 5716 7109 8197 7823 7065 :z: 
Texmont 1 78 32 19.8 56 71 6436 4085 6428 8027 5220 6039 r:n. 
Short-season ~ 
Mars 5 87 46 17.7 67 72 6756 5803 7790 7308 7070 6945 
t::, 
t;;; 
Orion 4 85 43 16.3 66 72 7190 5914 7694 7858 7699 7271 00 
Aico-1 6 87 44 18.7 68 74 5781 6162 7422 7321 6547 6647 ~ co 
AU9001096 3 85 43 18.8 58 71 6709 5092 8106 7636 7589 7026 co 
Stg88P2-89 85 42 15.0 64 71 6557 5929 6675 6652 8099 6782 ~ 
Tebonnet 6 80 50 17.2 60 72 6287 4259 6734 6785 7032 6219 
Mldseason 
Katy 3 87 45 15.1 64 72 5925 5644 6935 6362 6609 6295 
Lacassine 1 85 36 18.9 58 74 6030 5184 7128 7757 7245 6669 
Lemont 1 86 37 19.4 58 74 5909 5176 7014 7050 6390 6308 
Newbonnet 2 91 43 16.0 63 73 5191 4348 5854 6477 6460 5666 
AU9001191 93 46 15.7 63 73 5661 5154 8379 7610 6732 6707 
AU9101161 92 43 15.8 65 73 5764 5276 7710 7282 7655 6737 
Stg88P3-91 86 43 15.0 66 74 5868 5508 7233 7302 7019 6586 
1Relative straw strength based on field tests using the scale: 0=very strong straw, 9=very weak straw. 
2Number of days from effective seeding date until 50% of the panicles (heads) are visibly emerging from the boot. 
3NEREC=Northeast Research and Extension Center, Keiser, Arkansas; CBES=Cotton Branch Experiment Station, Marianna, Arkansas; 
01 
PTES=Pine Tree Experiment Station, Colt, Arkansas; RREC=Aice Research and Extension Center, Stuttgart, Arkansas; SEBS=Southeast 
Branch Experiment Station, Rohwer, Arkansas. 
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Table 3. Reaction of rice varieties to dlaeasea1.2 
Sheath Straight- Stem Kernel Brown Blast Race 
Variety Blight head Rot Smut Spot IG1 IH1 IC17 1849 
Alan 6 5 7 4 5 7 8 
Delmont 8 4 5 6 
Gulfmont 8 4 3 5 6 
Jackson 8 4 4 7 4 5 7 
Jasmine85 5 8 7 1 2 
Katy 5 5 3 1 2 
L202 7 5 4 7 5 3 8 6 
Lacassine 8 4 7 4 4 
Lemont 8 4 3 4 1 6 5 
Mars 5 7 6 7 2 2 3 8 
Maybelle 8 3 4 7 7 7 8 
Mercury 8 5 7 2 3 7 7 
Millie 6 7 3 7 7 7 7 
Newbonnet 6 4 7 6 4 1 1 8 8 
Nortai 4 4 5 2 4 5 4 7 8 
Orion 5 5 5 5 4 7 
Rexmont 8 4 3 4 4 5 
Rico-1 6 3 6 8 7 5 6 
Rosemont 8 4 8 7 8 8 
RT7015 8 5 8 8 8 8 
Tebonnet 7 7 5 3 4 4 1 6 7 
Texmont 8 7 8 8 8 8 
1Cooperative Regional Uniform Rice Nursery. 
2Summary by degree of susceptibility: 1 =least susceptible to 9=most susceptible; 
- indicates data insufficient for rating. Ratings are not data but indications of potential 
damage under conditions favorable for development of specific diseases. 
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BREEDING AND EVALUATION FOR IMPROVED 
RICE VARIETIES - RICE BIOTECHNOLOGY 
KA.K Moldenhauer, KA. Gravois, 
P.C. Rohman and M.M. Blocker 
ABSTRACT 
Conditions for the production of haploid plants from anthers have been 
determined for the laboratory at the Rice Research and Extension Center, 
Stuttgart, Arkansas. Forty-three plantlets produced from callus derived 
from anthers of F
2 
plants with 'Katy' as a parent are in various stages of 
development. Seventeen are in the greenhouse, 10 are in test tubes, and 16 
are in petri dishes. These plants will be screened for blast resistance. 
INTRODUCTION 
Anther (male part of flower) culture was added as an objective to the 
rice breeding program in 1990 to produce haploid (having only one set of 
chromosomes) plantlets from which doubled haploid-homozygous (lines that 
have two sets of chromosomes that are genetically identical: all plants 
produced from the seed of these plants are the same - "pure line") lines can 
be produced in one generation. Seed from these lines can be increased and 
tested in replicated tests for agronomic characters and specific diseases. 
Because there is no segregation occurring between plants produced from the 
doubled haploid plantlets, all characters that show up are set and will 
change only through rare mutations. This procedure will shorten the time 
required to produce a new variety by one to two years. Currently we are 
using anther culture on anthers from Katy crosses for the rapid development 
of improved, blast-resistant varieties. 
PROCEDURES 
Tillers are removed from selected F 
2 
space plants during mid boot. The 
leaves are removed, and the tillers are wrapped in aluminum foil ( dark 
treatment), sealed in plastic bags and placed in a refrigerator at 7-10 C for 
three to seven days. After the cold treatment, tillers are submerged in a 
50 % Clorox solution for 30 minutes for surface sterilization. Immature 
panicles are removed from the leaf sheaths under sterile conditions, and the 
anthers are extracted from the flowers and placed in a petri dish containing 
N
6 
medium (a typical callus induction media). These dishes are then placed 
in the dark at approximately 24 - 26 C. In about 40 days, callus (Fig. 1) 
(undifferentiated growth) may appear in the dishes. The callus is allowed to 
grow in the dark until it is about 1/4 in. in diameter; at this stage it is 
7 
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replated on MS media (a standard plantlet regeneration media) and placed in 
the light at 24-26 C. In one to three weeks green spots appear on the callus, 
which will soon induce plantlets. Plantlets begin to appear in two to four 
weeks (Fig. 2). When the plantlets reach about 1 to 2 in. in size, they are 
transplanted into test tubes containing N
6 
medium without sugar or hor-
mones (Fig. 3). When the plants are 6 in. in size, they are transplanted to 
pots in the greenhouse (Fig. 4). Plantlets at this stage can be treated with 
colchicine, a chemical mutagen that causes the chromosomes to double, but 
in rice this is often not necessary because the chromosomes can spontane-
ously double. Seed from these plants will be screened for rice blast and 
other agronomic traits. 
RESULTS AND DISCUSSION 
Approximately 75 % of the dishes plated in 1991 produced calli, and of 
those about 50% have produced green spots or plantlets. In April experi-
mentation with environmental conditions and growth media was initiated in 
order to have the conditions in the laboratory defined by the time the F 
2 
material was ready to callus. Anthers from Katy, 'Mars' and 'Taipai 309' 
(a medium grain japonica rice that produces calli easily in most laborato-
ries) were utilized. From this material 60 plates with callus were obtained, 
of which seven later produced plantlets. Of these seven plantlets, one from 
a Mars callus lived through the initial transplanting stages. This Mars plant 
spontaneously doubled its chromosome number to the normal diploid (two 
sets of chromosomes) state and developed into a normal plant (Fig. 5). 
In early July anthers from some extremely early F
4 
plants were plated, 
again in order to improve techniques and define environmental conditions, 
particularly for handling the plantlets. From this material 73 anthers were 
plated from 40 lines, 21 were contaminated and disposed of, and 34 plates 
of the remaining 52 (65%) produced calli. Thirty-seven green spots, six of 
which became plants, appeared on plates from 13 of the lines; most of these 
turned brown and died due to excessive moisture in the dishes. Four of the 
six plants that were produced died, and two are in pots in the greenhouse. 
In August plating of anthers from the F
2 
populations was begun. Four 
hundred twenty-nine plates were plated from 38 crosses. One hundred 
thirty of the plates were discarded due to contamination caused by excessive 
moisture and heat pump problems. In December calli were produced and 
transferred to the light from 232 plates from 37 of these crosses. Calli are 
still being produced from anthers on 82 of the plates from 34 of the crosses. 
Twenty-six of the crosses produced viable calli (that with green spots, many 
of which later developed into plantlets). Ninety-six plantlets were produced 
from these crosses; of these 53 died due to moisture, heat pump problems, 
or contamination. As of December, the other 43 are in various stages: 17 
are in the greenhouse, 10 are in test tubes, and 16 are in petri dishes. We 
are continuing to transfer calli to the light. In January anthers were again 
plated from 25 plants that were selected from the crosses the past summer 
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and taken to the greenhouse. Seed from the plants that are in the green-
house will be grown in the field in 1992 and tested for disease reactions. 
SIGNIFICANCE OF FINDINGS 
Conditions necessary to produce haploid plantlets from anthers have 
been determined for this laboratory. The plants that are obtained that do 
not spontaneously double in chromosome number will be doubled with 
colchicine, and the seed from all the plants will be evaluated for disease 
reactions. This approach will eliminate the time required to develop variet-
ies for highly heritable traits, such as resistance to rice blast disease. Crosses 
made in 1990 were grown in the greenhouse to produce F2 seed in the 
winter of 1990-1991. The F2 seed were planted in the field in 1991, and 
anthers were utilized from selected F2 plants. In 1991-1992 anthers were 
cultured to produce haploid plants. 1n 1992 the homozygous "pure line" 
seed will be screened for diseases and grown in preliminary plots for 
agronomic evaluation and seed increase. In 1993 they will be incorporated 
into the yield testing program. This will save two years from our standard 
practice of sending seed to Puerto Rico and head rowing to reach a level 
where segregation for visible characteristics in the line is at a minimum. 
Fig. 1. A sample of callus derived from• rice anther. 
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If 
Fig. 2. Plantlet originating from callus growing on MS media. 
"$ 
Fig. 3. Plantleta growing In tut tubes of N1 media without hormone• or sugar. 
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Fig. 4. Plant transplanted from teat tube growing In a pot In the greenhouse. 
Fig. 5. 'Mara' plant from anther culture that haa apontaneoualy doubled. 
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THE EARLY STAGES OF THE ARKANSAS 
RICE BREEDING PROGRAM 
K.A. Gravois, K.A. Moldenhauer, F.N. Lee, R.J. Norman, 
B.R. Wells, R.H. Dilday, P.C. Rohman and M.B. Blocker 
ABSTRACT 
The development of a new rice variety ( cultivar) for the Arkansas rice 
industry is generally a 10-to-12-year process. Currently, there are over 
100,000 potential new rice varieties being evaluated in the early stages of 
the Arkansas rice breeding program. The early stages of most plant breed-
ing programs are not well understood, but the early testing stages are 
important since they serve as the foundation for future variety releases. Our 
purpose is to report on the nature and the progress of the early stages of the 
Arkansas rice breeding program. 
INTRODUCTION 
The primary objective of the Arkansas rice breeding program is to 
release new and improved rice varieties to the Arkansas rice industry. The 
development of a new rice cultivar is a 10-to-12-year process. For ex-
ample, the cross for the new blast-resistant variety 'Katy' was done in 1979, 
with release occurring in 1989 and certified seed available to farmers in 
1991. A new rice variety begins with the crossing of two parents with the 
hope of combining desirable traits from each parent. From there, the 
process of selecting and purifying the potential rice variety begins. 
PROCEDURES 
A new variety begins with crossing, which usually occurs from late 
July through August each year (Table 1), at the Rice Research and Exten-
sion Center, Stuttgart, Arkansas. Plants are dug up from the field, potted 
and brought into the greenhouse. Crossing is done in a small room in the 
greenhouse where proper temperature (80-90 F), high humidity and maxi-
mum sunlight can be obtained. After crossing, the seed are allowed to 
mature for the next 25 to 30 days and then harvested. Seed produced from 
crosses are referred to as F
I 
seed (the subscript behind the F refers to the 
number of generations from the initial cross). During the following winter, 
the F
I 
seed are germinated and grown in the greenhouse to produce F 
2 
seed 
(2nd generation after crossing). Each F
2 
seed produced is a different type. 
The F 
2 
seed are planted the following spring as individually spaced plants 
(12-in. row spacing with plants 12 in. apart within the row). In the fall, 
approximately 8 to 10% of these plants are selected (1 panicle per plant is 
12 
.AR.KANsAS RicE REsEARCH SrumEs 1991 
selected). Each panicle is threshed separately, sent to the Lajas, Puerto 
Rico, winter nursery and planted as F
3 
panicle rows. Seed from each 
panicle are planted as a single row, and this process serves to preserve plant 
uniformity and promote seed purity. During the spring of the following 
year, two panicles from each of the rows in Puerto Rico are selected and 
returned to Stuttgart. These individual panicles will be used to plant F 
4 
panicle rows. If a row is selected as an F 
4 
panicle row during the following 
fall, five panicles are selected from within that one row. These five 
panicles are planted individually the following year as F
5 
panicle rows. 
Usually by the F5 (5
th generation from crossing) generation, the row is 
uniform enough to bulk and is now considered an experimental line. In the 
following year, the bulked samples are tested in preliminary yield trials in 
Stuttgart. Also, milled samples from the bulked rows are sent to the 
Quality Laboratory in Beaumont, Texas, to determine rice cooking quality 
characteristics. Samples are also prepared for preliminary sheath blight and 
blast screening. From the preliminary tests, the experimental variety re-
quires an additional six to eight years of testing and seed purification before 
release. 
RESULTS AND DISCUSSION 
During 1991, 252 crosses were made at Stuttgart (Table 2). One 
hundred nine crosses were made by K.A. Gravois, with primary emphasis 
on development of semidwarf rice varieties with improved sheath blight 
resistance and nitrogen utilization while maintaining the current high yields 
typical of semidwarf rice varieties. K.A.K. Moldenhauer made the other 
143 crosses, 14 of which were for the sheath blight recurrent selection 
program, which concentrates on increasing the levels of tolerance to sheath 
blight in new Arkansas rice varieties. 
In 1991, 82,320 F
2 
spaced plants, derived from 147 crosses, were 
grown at Stuttgart. Several of these crosses had Katy as a parent with the 
hope of incorporating better blast and sheath blight tolerance into future 
Arkansas rice varieties. Of particular interest are the Katy/'Newbonnet' 
crosses where the objective is to maintain the high yield of Newbonoet with 
the blast resistance of Katy. Experimental lines from some of these crosses 
have already reached the Arkansas rice performance trials and could be 
released as cultivars within the next three to four years. 
From the 82,320 F
2 
space plants, 5950 plants were selected as having 
desirable plant type and were sent to the winter nursery in Puerto Rico. 
The winter nursery was planted on November 23, 1991, and was ready to 
harvest in early April 1992. The winter nursery in Puerto Rico saves one 
year in the time it takes to produce a new variety since a crop can be grown 
during our winter. The winter nursery is also used for seed increases of 
potential new varieties, again saving a year in the variety release process. 
In the spring of 1991, 8682 panicles were brought back from the winter 
nursery in Puerto Rico for planting F 
4 
panicle rows at Stuttgart. Each row 
was planted with seed from a single panicle and is 2.5 ft long with 12-in. 
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spacing between rows. Heading dates were taken for each row when 
approximately 50 % of the row had headed. During the fall, these rows 
were compared to standard varieties ('Alan', 'Tebonnet', 'Orion', 'Mars', 
'Lemont', Newbonnet and Katy), and five panicles were selected from the 
rows that were chosen to be advanced. These panicles will be next year's 
F 5 panicle rows. 
In 1991, there were 3842 F
5 
panicle rows available for selection. These 
rows are also 2.5 ft long with 12-in. spacing between rows. From this 
group, 272 rows were considered to be superior and uniform enough for 
bulking (entire row is cut and threshed). These bulked rows will be entered 
into the preliminary yield trial in 1992. 
The number of preliminary yield trial entries in 1991 was 769. Data 
such as days to 50% heading, plant height, lodging, yield, head rice, total 
rice, grain weight, sheath blight and blast ratings are taken. Superior lines 
are advanced to replicated yield trials. 
SIGNIFICANCE OF FINDINGS 
The early testing stages of the Arkansas rice breeding program are the 
foundation from which new varieties are released. Good crosses lead to 
elite early-generation breeding materials that in tum lead to improved vari-
ety releases. With two breeders now working in the Arkansas rice breeding 
program, the breeding materials in the early generations of the program will 
be expanding and serve as a larger reservoir of potential new varieties. 
Although new varieties are not released directly from the early stages of the 
breeding program, it is important to understand the importance of the 
program and its place in the continued development of improved varieties 
for release as cultivars. 
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Table 1. Description of the amount of time that It takes to release a new rice 




















F 2 Space Plants 
Crossing 
F1 
F 2 Spaced Plants 
F 3, Puerto Rico Winter Nursery 
F 4, Panicle rows 
F5, Panicle rows 
Preliminary Yield Tests - one replication at Stuttgart, Arkansas 
Stuttgart Initial Tests - tests at Stuttgart and Rohwer, Arkansas 
Arkansas Rice Performance Trials 
- tests at six locations across the state 
Arkansas Rice Performance Trials 
- tests at six locations across the state 
Variety selected for potential release 
Foundation Seed Field at Stuttgart, Arkansas 
Variety Release - Registered seed grown 
Certified seed grown 
Certified seed available 
Table 2. Summary of the early testing stages 
of the Arkansas rice breeding program for 1991. 
II per stage 
252 
252 
F3, Puerto Rico Winter Nursery 




3842 F5, Panicle rows 
Preliminary Yield Tests 769 
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GENETIC, PHYSIOLOGICAL AND 
BIOCHEMICAL ENHANCEMENT 
OF EXOTIC RICE GERMPLASM 
R.H. Dilday, KA. Gravois, R.S. Helms, R.J. Smith, Jr., 
B.R. Wells, M. Price and M. Jalaluddin 
ABSTRACT 
The rice germplasm project developed techniques that can be used to 
evaluate and select drought-tolerant germplasm or rice germplasm that re-
quires less water for growth and development. Germplasm was identified 
that is tolerant to a 2X rate of glyphosate (Roundup) for red rice control. 
Rice gennplasm that has apparent allelopathic activity to barnyardgrass and 
rice flatsedge was identified. Gibberellic acid (Release) seed treatment 
enhanced stand establishment and increased germination percentage in rice 
and was used on about 500,000 acres in 1991. 
INTRODUCTION 
Germplasm is the life-blood of rice improvement and variety develop-
ment. Thus, when the amount of rice gennplasm decreases, genetic diver-
sity decreases, and potential genetic vulnerability increases. The USDA/ 
ARS World Rice Gennplasm Collection contains 16,065 varieties from 99 
countries. This collection is the primary genetic base for all variety devel-
opment in rice in the U.S. An examination of the cultivars that have been 
released in the southern rice belt show that all of the genetic diversity in the 
southern rice breeding programs can be traced to only 22 parents out of the 
16,065 varieties. Furthermore, the genetic base of the breeding program in 
Arkansas can be traced to only 13 parents. This indicates that the germplasm 
base of present U.S. rice cultivars is rather narrow, and continued attention 
needs to be focused on possible genetic vulnerability. 
This project is designed to evaluate rice germplasm from the USDA/ 
ARS collection and enhance desirable germplasm so it can be utilized in 
variety development programs. The project is a cooperative federal, state 
and industry project. Eleven basic plant traits have been characterized for 
all 16,065 rice varieties since 1984, and these characteristics have been 
useful in the evaluation phase of the project. For example, rice varieties 
have been identified that are resistant to diseases and tolerant to salt, drought 
and herbicides and that possess allelopathic properties (ability of a rice plant 
to suppress weeds) to two major aquatic weeds (ducksalad and redstem) and 
three major dry seeded weeds (bamyardgrass, broadleaf signalgrass and rice 
flatsedge). Also, germplasm has been identified that varies in nitrogen use 
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efficiency, ratooning (ability to produce a second crop) and improved stand 
establishment due to increased seedling vigor from seed treated with gib-
berellic acid (Release). This project has served as the foundation and 
justification for a new National Rice Germplasm Evaluation and Enhance-
ment Center (NRGEEC) at Stuttgart, Arkansas, for all projects involved in 
rice germplasm research. The new center will be used to develop new and 
exotic germplasm and "fine-tune" conventional germplasm that will ulti-
mately lead to the development of cultivars that use less water or have the 
potential for greater water use efficiency. Also, the development of 
germplasm that requires less use of herbicides, fungicides and nitrogen 
fertilizer will result in improved water quality, less environmental contami-
nation and greater profits to the rice producer. 
The ultimate user and beneficiary of the products of this project and the 
NRGEEC will be the rice producer who will gain new and improved 
cultivars developed from exotic rice germplasm. For example, the esti-
mated value of the rice crop in Arkansas is about $515 million annually. In 
Arkansas alone, however, annual losses due to red rice are estimated at $10 
million; losses due to diseases, 10% of the total value of the crop ($51.5 
million); herbicide cost, $30.00/acre ($33.0 million); fertilizer cost, $45.00/ 
acre ($49.5 million); and water cost, $30.00/acre ($33.0 million). Further-
more, inadequate stand establishment has been estimated to cost the rice 
producer an additional $25.00-50.00/acre ($27.5-$55.0 million). There-
fore, savings to the rice producers theoretically will amount to millions of 
dollars annually as this new germplasm is incorporated into cultivars. In 
1991, this project coordinated cooperative studies dealing with drought, salt 
and herbicide (Roundup) tolerance; allelopathy to ducksalad, bamyardgrass 
and rice flatsedge; gibberellic acid (Release), straighthead resistance and 
evaluation of Japanese cultivars for earliness, yield and quality. 
PROCEDURES 
The procedures used in the evaluation and enhancement of germplasm 
include replicated tests using biochemical, laboratory and field procedures. 
The tests involve evaluations for drought and salt tolerance, allelopathy, 
gibberellic acid (Release) seed treatment, herbicide and straighthead resis-
tance and shorter season potential of rice germplasm from Japan. 
RESULTS AND DISCUSSIONS 
Drought Tolerance 
This experiment was in cooperation with the University of Arkansas at 
Pine Bluff and was designed to determine the relationship between root 
pulling resistance (RPR) and root dry weight (RWT) and their influences on 
the production of shoot biomass and grain yield under limited water supply. 
Rice genotypes that originated from Pakistan and the U.S. were evaluated 
under both continuously flood-irrigated and partially irrigated conditions. 
Data were collected on RPR, RWT, biomass at maximum tillering (BMl), 
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biomass at heading (BM2), biomass at maturity (BM3) and grain yield (GY) 
(Table 1). Tolerance to water stress was determined by relative yield (RY) 
in biomass and grain production. The correlation between RPR and RWT 
was 0.96**, and they were correlated with BMl. The biomass production 
at BMl was correlated with BM2 in both irrigation treatments; however, 
this relationship was not evident at maturity. Biomass and grain yield were 
highly correlated (0.86**) under partially irrigated conditions at maturity. 
Root growth and shoot growth at maximum tillering showed a positive 
correlation; however, reproductive growth and grain yield were not corre-
lated with root growth. These data will be used to determine techniques for 
the evaluation of rice germplasm with greater water use efficiency. 
Salt Tolerance 
This experiment was in cooperation with the University of Arkansas at 
Fayetteville and was designed to locate salt-tolerant germplasm in the USDA/ 
ARS rice world collection. More than 8,000 varieties from the 16,065 
varieties in the USDA/ARS rice germplasm collection were evaluated for 
salinity tolerance in a hydroponic system in 1991. Seeds of each variety 
were placed directly into a saline nutrient solution and allowed to germi-
nate, emerge and grow for three weeks before rating. At the end of the 
three-week period the seedlings were rated based on germination and the 
amount of growth and survival. The initial data suggested that 182 varieties 
have some tolerance to salt. Varieties will be evaluated in the field under 
saline conditions in 1992, and the technology developed from this experi-
ment will be used to evaluate additional salt-tolerant germplasm from inter-
national programs. 
Herbicide Tolerance 
This experiment was designed to identify rice germplasm that is toler-
ant to glyphosate (Roundup) for red rice control. More than 14,000 of the 
16,065 varieties from the USDA/ ARS rice germplasm collection were evalu-
ated for tolerance to glyphosate. Approximately 160 varieties survived a 
2X rate of glyphosate and produced viable seed. The majority of these rice 
varieties originated from Pakistan, Philippines, former Soviet Bloc coun-
tries and Surinam. This germplasm will be enhanced for ultimate use in the 
variety development program to develop glyphosate tolerant cultivars. 
Allelopathy 
Several tests involving allelopathic activity in rice to weed species were 
conducted in 1991. Approximately 350 varieties, including checks, that 
possess allelopathic activity to ducksalad were evaluated in replicated field 
tests. Varieties demonstrating allelopathic activity in the field reduced the 
total dry weight of ducksalad from 60-90 % when compared to the dry 
weight of ducksalad around varieties that did not demonstrate allelopathic 
activity. The majority of these varieties originated in Taiwan, Philippines, 
India, Brazil and the Dominican Republic (Table 2). The varieties were 
seeded in 7-, 14- and 21-in. rows. The level of allelopathic activity was 
evaluated not only in the field but in cooperation with USDA/ ARS scien-
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tists at Manhattan, Kansas. Cultivars with superior allelopathic activity 
were compared to check cultivars without allelopathic activity using a high-
pressure liquid chromatography (HPLC) testing system. Similar HPLC 
patterns were observed among the cultivars with allelopathic activity in the 
field, and these patterns differed from the HPLC patterns from cultivars that 
did not demonstrate allelopathic activity. Approximately 14,000 rice vari-
eties were evaluated for allelopathic activity to two dry-seeded weed spe-
cies, rice flatsedge and barnyardgrass. Varieties from India, Bangladesh 
and the Philippines have apparent allelopathic activity to both weed species. 
Gibberellic Acid (Release) Seed Treatment 
This experiment was in cooperation with the University of Arkansas 
Extension Service. Rice seed treated with gibberellic acid enhanced stand 
establishment and increased germination percentage. Semidwarf varieties 
responded more to gibberellic acid than did taller varieties. This technology 
was transferred to Abbott Laboratories in 1991, the first year that the 
commercial product (Release) was available to the producer, and it was used 
on more than 500,000 acres in the southern rice belt. Starch gel electro-
phoresis revealed that the banding patterns of esterase isoenzymes were 
influenced by gibberellic acid (Table 3). This indicates that these isoen-
zymes influence mesocotyl and coleoptile elongation potential. 
Straighthead 
Approximately 2,500 varieties from the USDA/ ARS rice germplasm 
collection were evaluated for resistance to straighthead, a physiological 
disease. About 5 % of the varieties demonstrated tolerance (rating of 1-4) to 
the disease. 
Japanese Varieties 
Sixty rice varieties from Japan were seeded at Stuttgart and at the Pine 
Tree Experiment Station, Colt, Arkansas, and evaluated for maturity, plant 
height, lodging, grain type and grain yield. Two varieties headed 43 days 
after seedling emergence. 
SIGNIFICANCE OF FINDINGS 
Rice germplasm possessing allelopathic properties to major weed spe-
cies can potentially reduce or eliminate the use of herbicides for specific 
weeds. The identification of germplasm that is tolerant to glyphosate 
(Roundup) could eliminate the red rice problem in commercial rice through 
the development of glyphosate-tolerant varieties. The development of 
drought-tolerant or more water-use-efficient rice varieties can result in re-
duced use of water from seeding to maturity. The use of seed treated with 
gibberellic acid (Release) will enhance stand establishment, especially under 
adverse conditions, and increase germination percentage. Japanese varieties 
that headed 43 days after emergence were identified. This germplasm can 
be used to develop shorter-season rice varieties that can reduce production 
costs. 
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Table 1. Rank-correlation coefficients among root pulllng resistance (RPR), root 
dry weight (RWT), blomasa at maximum tlllerlng (BM1), biomass at heading (BM2) 
and at maturity (BM3) and grain yield (GY) of seven rice genotypes grown under 
partially Irrigated (Ip) and completely Irrigated (IJ conditions. 
APR 0.96** 0.75* 0.64 0.57 0.68 0.61 0.25 
RWT 0.86** 0.68 0.71 0.54 0.64 0.07 
BM1 0.79* 0.93** 0.43 0.39 0.10 
BM21P 0.75* 0.64 0.11 0.46 
MB21c 0.39 0.11 0.11 
BM31P -0.07 0.86** 
BM31c -0.43 
GYI 









Table 2. Origin, plant height, grain type, days to maturity and seed coat color of 
nine germplasm accessions that demonstrated allelopathlc activity to 
ducksalad and two cultlvars ('Palmtra' and 'Rexmont'). 
Country Radical Percent Plant Days Seed 
Germ plasm of Mean Weed Height Grain to Coat 
Identification Origin Activity Control (cm) Type 1 Maturity2 Color3 
Taichung Native 1 Philippines 18 85 91 s 102 Lt.Br. 
Shuang-Chiang-30-21 Taiwan 18 85 92 M 91 Lt.Br. 
India AC 1423 India 18 85 128 M 115 Red 
Woo Co Chin Yu Taiwan 18 80 154 L 113 Lt.Br. 
CICA4 Brazil 18 70 101 s 112 Lt.Br. 
IA 781-497-2-3 Philippines 17 90 91 M 113 Lt.Br. 
NSSL 10/28 STP 8 U.S. 17 85 136 L 90 Lt.Br. 
TONO Brea 439 Dom. Rep. 17 85 160 L 137 Lt.Br. 
T65/2X-TN-1 Philippines 17 85 103 s 103 Lt.Br. 
Control 
Palmyra U.S. 0 0 116 M 88 Lt.Br. 
Rexmont U.S. 0 0 89 L 87 Lt.Br. 
LSD (0.05) 7 17 20 8 
1Grain type: S = short, M = medium and L = long. 
2Days to maturity: days from seedling emergence to 50% panicle emergence 
3Seed coat color: Lt.Br. = Light Brown. 
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Table 3. Influence of Glbberelllc Acid {GAJ on esteraH lsoenzyme activity In rice. 
~ 
Cultivar ~ E,1 
Katy Tr2 
Ntr 
Millie Tr + + 
Ntr 












Maybelle Tr + + 
Ntr 
Gulfmont Tr + + 
Ntr 
1Mix - the mixed sample. 
2Tr = treatment, Ntr = non-treatment. 





E,1 ~ NE, E, ~ E,c ~ 
_3 + + 
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PHYSIOLOGY OF RICE YIELD 
Paul A. Counce, K.A.K. Moldenhauer and T .A. Costello 
ABSTRACT 
Rice yield in the field may be limited by a number of factors, including 
cloudy conditions during reproductive stages of rice growth. Field, green-
house and laboratory studies were conducted in 1990 and 1991 to investi-
gate the nature of rice yield limitation and means of reducing that limita-
tion. Field studies indicated that rice seed weights were considerably 
greater at the top of the panicle than at the bottom. Greenhouse studies in 
'which light was constant and of high quality and intensity showed the same 
rice lines to differ much less, or not at all in some cases, between the seeds 
at the top and those at the bottom of panicles. Rice grain filling might be 
increased by finding means of causing the plant to release starch stored in 
the stems for grain filling. One enzyme, in particular, may be critical to the 
release of carbohydrates from stems for grain filling. This enzyme, su-
crose phosphate synthase, produces sucrose phosphate and is thought to be 
the limiting enzyme for export of carbohydrates from many types of plant 
tissues. Initial laboratory work indicated that sucrose phosphate synthase 
was active in rice (Japanese line SLG-1) stems and leaves. 
INTRODUCTION 
Efforts to increase rice grain yields through breeding and crop manage-
ment may be greatly aided by an improved understanding of how the rice 
plant functions. This research project was developed to address some basic 
but critical questions about the production and utilization of carbohydrates 
for grain yield by the rice crop. Late in the season the rice crop stores 
carbohydrates in the form of starch in the stems. This starch appears to be 
used primarily for the production of tillers after the first crop has matured. 
Under Arkansas conditions, these late-appearing tillers are of little value. 
However, if a means could be found to make the starch stored in the stems 
available to the developing grain, the starch could be valuable to rice grain 
yield. 
Some Chinese and Japanese rice varieties appear to release the starch 
stored in the stems for rice grain yield. The release of this starch may be 
related to the ability of some tropical rices to produce substantial crops of 
rice in the rainy season when yields of most varieties are reduced by the 
.lack of photosynthesis during the critical weeks after heading. 
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PROCEDURES 
Growth studies of rice grain were conducted to improve our under-
standing of the rice grain filling process. Field studies were conducted in 
1990 and 1991, and a greenhouse study was conducted in 1991. In this 
report, only the 1990 field study and the greenhouse study are presented. 
The date of anthesis (flower opening) of individual rice panicles was noted 
for a large number of stems (approximately 40 stems in the field plots and 
20 main stems per pot in the greenhouse). Approximately one week after 
anthesis, harvests were begun and continued for about five weeks. The 
rice in these experiments were four F
2 
derived rice lines from a 'Lemont' by 
'Lebonnet' cross made by K.A.K. Moldenhauer. 
RESULTS AND DISCUSSION 
The field experiment revealed differences between grains at the top and 
bottom of panicles for maximum seed size and pattern of seed growth (Fig. 
1-4). Note that all lines had more rapid weight increases for the seeds at the 
top of the panicles until those seeds had filled. Only when seeds at the top 
of the panicle had reached maximum weight did the seeds at the bottom of 
the panicle fill as completely as those at the top. One of the lines (Ml4-
123) had final seed weights at the bottom of the panicle almost as great as 
those at the top of the panicle (Fig. 3). 
The greenhouse experiment revealed much smaller differences between 
seeds at the top and those at the bottom of the panicle for either rate of seed 
weight increase or final seed weight (Fig. 5-8). This is probably because 
the very constant light conditions allowed the grain to fill without the 
normal limitations due to light. Consequently, the seeds at the bottom and 
tops of the panicles could grow much closer to their apparent potential 
(presumably final seed weight at the top of the panicle). Under Arkansas 
field conditions, seeds at the bottom of panicles of a near-optimum rice 
plant population do not normally fill to their potential. 
Other data we have collected in the past two years are consistent with 
the results presented in this report. The combined results of the field and 
greenhouse studies indicate a shortage of carbohydrates, likely resulting 
from low light levels during grain-filling. 
If our varieties could release starch stored in the stems for grain pro-
duction, considerable yield increases might be realized. One enzyme neces-
sary for the process of providing the carbohydrate needed for grain-filling is 
sucrose phosphate synthase, which converts fructose-6-phosphate and UDP-
glucose to sucrose-phosphate. This enzyme often limits export of sucrose 
from plant leaves. We have assayed stems, grains and leaves of plants of 
SLG-1 (a rice line with seeds three to four times as large as normal long 
grain rice grains). We found active SPS in the stems and the leaves and 
even some low activity in the seeds. 
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SIGNIFICANCE OF FINDINGS 
This research indicates that rice grain yields may be limited by inad-
equate carbohydrates for grain-filling due to cloudy conditions and reduced 
photosynthesis. A means to release the starch stored in rice stems for 
grain-filling might be a means to increasing rice grain yields in Arkansas. 
Preliminary field, greenhouse and laboratory results look promising for this 
effort. In particular, active sucrose phosphate synthase was assayed from the 
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Fig. 1. Rice kernel dry weights versus days after anthesls for llne M14-118 
grown In the field at Keiser, Arkansas, 1990. 
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Fig. 3. Rice kernel dry welghta versus days after antheala for llne M14-123 
grown In the field at Keiser, ArkanHa, 1990. 
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Fig. 4. Rice kernel dry weights versus days after anthesls for line M15-115 
In the field at Keiser, Arkansas, 1990. 
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MANAGEMENT STRATEGIBS FOR RICE PESTS: 
KERNEL SMUT RESEARCH 
F.N. Lee, G.E. Tl'lllpleton, K.A.K. Moldenhauer, K.A. Gravois, 
R.H. Dilday, G.S. Jones and D.H. Long 
ABSTRACT 
Single primary sporidia isolates obtained from individual teliospores of 
1illetia barclayana were mated to research isolate compatibility and variety 
resistance to known vintlent and avirulent isolate combinations. Primary 
sporidia isolates from the same teliospore did not combine to cause smut. 
Isolate combinations from different teliospores are capable of causing smut 
but must be mated in specific combinations before doing so. Differential 
variety responses to isolate combinations were found. Experimental line 
90-D 17 was tolerant to one combination of isolates but very susceptible to 
another. Line 90-D25 was tolerant to all vintlent combinations tested. 
INTRODUCTION 
Rice kernel smut caused by the fungus 1illetia barclayana is a major 
rice disease that becomes severe in individual fields annually and often 
causes damage over large portions of Arkansas rice production areas. Losses 
include reduced rough rice yield, a reduced milling yield and discoloration 
of healthy kernels during the parboiling process. 
Limited information is available on the 1illetia genus as a whole, and 
even less information is available about T. barclayana. The most obvious 
stage of kernel smut is the coal black sooty spores (teliospores) that replace 
part or all of the rice kernel. Each of these teliospores start the smut life 
cycle by producing approximately 60 individual primary spores. Each 
primary spore in tum grows as mycelium capable of producing additional 
spores. Mycelium from primary spores combines with that of other spores. 
Spores produced from this combined mycelium are believed to infect the 
rice plant. 
The objectives of this research are: 1. establish rice kernel smut screen-
ing nurseries; 2. identify the most common kernel smut biotypes in Arkan-
sas and genetic sources of resistance to these variants; and 3. develop kernel 
smut-resistant varieties by selecting resistant plants on a genetic or on a 
morphological and/or physiological basis. Additional information about the 
reaction of the genetics of the fungus with those of the rice plant, how and 
when infection occurs in the field and what factors affect these variables are 
needed in order to achieve the stated objectives. Results presented here 
provide some of the needed information. 
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PROCEDURES 
General Inoculum Production, Plant Inoculation and 
Assay Techniques 
Single primary isolates obtained from teliospores of random smut samples 
collected from various production locations in the state were retrieved from 
storage in freezers. Isolates were allowed to grow in Emerson solution 
shake cultures for approximately five days. A one-milliliter aliquot of the 
undiluted shake culture was uniformly spread over one-quarter-strength wa-
ter agar plates and allowed to grow 5-10 days. Spores were harvested in 
sterile distilled water (SOW) and diluted to the desired number per ml after 
the concentration was estimated using a micrometer. Inoculum for each 
plot was transferred into a sterile 20-ml syringe in the laboratory for trans-
porting to the field. A sterile needle was attached at the time plots were 
inoculated. 
Plots were prepared by planting three to four seeds in hills 18 in. apart. 
Plants were selected for inoculation when a sufficient number of plants were 
near heading. Tillers were removed until four tillers approximately 24 
hours away from panicle exertion remained in each plot. Inoculum was 
injected through the leaf sheath of each tiller near the top of the panicle 
until the whorl (boot) was full. Plants were then allowed to grow normally. 
Panicles were collected at maturity before smutted kernels began to rupture, 
wrapped in nylon mesh and stored under laboratory conditions. 
Samples were assayed by soaking the panicles in potassium hydroxide 
(KOH) solution until the kernel could be observed through the hulls. The 
panicles were then rinsed with tap water and placed on a light box while 
wet. Dark kernels were confirmed as being smut, The number of smutted 
kernels, panicles having smut and panicles examined per plot were re-
corded. Counting on individual panicles was discontinued after SO smutted 
kernels were found. Data were statistically analyzed. Combinations were 
considered to be compatible (virulent) if large numbers of smut were ob-
served per plot. 
Single-Spore Isolate Compatibility Tests 
Teliospores from a single smutted kernel were germinated, and several 
individual primary spore isolates were obtained from each teliospore. Iso-
lates were identified by variety, production location, teliospore number and 
primary spore number. Isolates were stored in a freezer until retrieved for 
spore production. Isolate combinations were made in the laboratory just 
prior to being placed into the syringe for injection in the plant. Two test 
plots with three to four panicles each of the susceptible 'Labelle' variety 
were injected per isolate. 
Host-Pathogen Interaction Tests 
Individual primary sporidia isolates previously determined to cause 
smut only in specific combinations on the Labelle or 'Newbonnet' varieties 
were selected for this study. The desired combination of individual isolates 
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was made at the time the inoculum was growing in shake cultures. The 
combinations of isolate 26 with isolate 39 (26X39), isolate 28 with isolate 
38 (28X38) and isolate 29 with isolate 40 (29X40) were virulent combina-
tions in previous tests. Avirulent combinations were isolate 26 with isolate 
29 (26X29), isolate 28 with isolate 40 (28X40), isolate 38 with isolate 55 
(38X55), isolate 39 with isolate 40 (39X40), isolate 39 with isolate 41 
(39X41) and isolate 40 with isolate 41 (40X41). 
The varieties Labelle, Newbonnet, 'Skybonnet', 'Tebonnet', 'Mars' 
and 'Lemont' and experimental lines designated 90-D9, 90-Dll, 90-Dl7 
and 90-D25 were selected to provide a representative range of host suscepti-
bility and maturity groups. Blocks of individual varieties were seeded, 
cared for with standard agronomic practices and inoculated when a majority 
of plants in all hills were at the desired growth stage. Labelle and 90-D25 
were inoculated 2 August 1991; Tebonnet, Mars, 90-D9 and 90-Dl7 were 
inoculated 6 August 1991; Newbonnet, Skybonnet and 90-Dll were inocu-
lated 9 August 1991; and Lemont was inoculated 12 August 1991. 
RESULTS AND DISCUSSION 
Single-Spore Isolate Compatibility Tests 
Three to five single-spore isolates from a single teliospore were tested 
in all possible combinations to investigate compatibility of isolates from 
individual teliospores. Tests of four different teliospores indicated that 
combinations of single-spore isolates from the same teliospore were aviru-
lent and caused very little, if any, smut when used to inoculate the highly 
susceptible Labelle variety. Data from representative teliospore SKMG04 
isolates in all possible combinations and in combination with isolates from 
other teliospores are presented in Table 1. 
Plots inoculated with avirulent combinations had smut levels compa-
rable to plots injected with sterile water. Plots inoculated with virulent 
combinations had 50 to 200 smutted kernels. Avirulent and virulent combi-
nations of single-spore isolates were found to occur between isolates from 
different teliospores collected from the same rice kernel as well as between 
isolates from teliospores obtained from different rice kernels. 
Data from combinations between several single-spore isolates are being 
analyzed to provide information on the number of mating types existing in 
the smut fungus. 
Host-Pathogen Interaction Tests 
The mean number of smutted panicles per plot for selected combina-
tions of isolates and all varieties are presented in Table 2. The reduced 
smut in Tebonnet, Mars, 90-D9 and 90-Dl7 inoculated with combination 
28X38 on 6 August 1991 suggests that the inoculum viability of that combi-
nation was reduced. Inoculum of the other combinations appears to have 
been viable. 
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Significant (df = 9,302; F = 83.13; P = 0.0001) variety-combination 
interactions are evident. Labelle, Newbonnet, Skybonnet, Lemont and 90-
D ll were very susceptible to the virulent combinations 26X39, 28X38 and 
29X40. Tebonnet, Mars and 90-D9 were very susceptible to combinations 
26X39 and 29X40 and should be included in the previous group if retesting 
indicates the inoculum of combination 28X38 available on 6 August 1991 
did indeed have a reduced viability. Line 90-D17 was very susceptible to 
combination 26X39 but was tolerant to the otherwise highly virulent combi-
nation 29X40. Line 90-D25 was tolerant to all combinations tested. 
Statistical analysis of smut incited by combination indicates that the 
combinations 26X39, 28X38 and 29X40 are significantly (df = 9,383; F = 
150.87; P = 0.0001) more virulent than the others. However if these 
combinations are excluded from the analysis, a statistically significant (df 
= 5,227; F = 3.03; P = 0.0115) low level of virulence is detected for 
combination 28X40. In addition, the three smutted grains per plot observed 
in the Tebonnet variety is statistically significant (df = 9,302; F = 3.39; P 
= 0.0056) and indicates that the variety-combination interaction occurs at 
very low levels. 
SIGNIFICANCE OF FINDINGS 
These data confirm previous research funded by the Rice Research and 
Promotion Board (RRPB) and provide additional information about the 
smut fungus. The mycelium growing from a single teliospore is incapable 
of causing smut alone and must unite with mycelium of other teliospores to 
cause smut. This demonstrates one of the mechanisms available to insure 
variation within the genetic pool of the fungus. This same mechanism 
would function to select for those compatible combinations or mutations to 
overcome a smut-resistant rice plant such as that found in experimental line 
90-D25 during the host-pathogen study. 
Traditional concepts of disease control and which approach to take in 
developing smut-resistant varieties become an important consideration at 
this point. The fact that varieties differ in susceptibility to specific combi-
nations of monosporidia isolates forms a basis for developing smut-resistant 
varieties (assuming that plants tolerant to boot injection are tolerant or 
resistant to field infection). We now have tools to manipulate the pathogen 
in the laboratory and, to some extent, in the field. Plant breeders can 
develop smut-tolerant varieties by crossing a susceptible desirable agro-
nomic variety with a resistant or tolerant line such as experimental 90-D25 
and then selecting for tolerance to the predominant smut biotypes present in 
the production area. 
History, however, is full of examples where this approach to control-
ling disease is routinely defeated by the natural selection for different and 
more virulent biotypes of the pathogen. In fact, as is evident in the recent 
blast epidemics, catastrophic losses often occur when the previously resis-
tant varieties fail. In addition, finding and incorporating tolerance to all 
possible combinations of the fungus becomes an impossible task. 
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Previous research funded by the RRPB indicated that several commer-
cial cultivars have a field tolerance to smut that approaches immunity. It is 
speculated that the basis for this field tolerance is physiological or morpho-
logical as these same varieties are smut susceptible when spores are injected 
into the whorl just prior to panicle exertion. Results of the host-smut 
interaction studies suggest that one important research direction should be 
to investigate the source of and to develop evaluation techniques for field 
resistance factors. 
Table 1. Total smutted kernels observed In two plots following 
Inoculation with combinations of single primary spore Isolates 
from the same or different tellospores. 
SKMG041 LMLN02 NWNP03 
Isolate 01 02 06 07 09 01 05 
01 0,2 0,0 71,124 
~ U M M ~p 
06 0,0 0,0 7,1 1,0 50,137 
07 0,0 1,0 0,0 3,4 1,44 0,0 
09 0,0 1,0 1, 1 0,0 0,0 0,0 57,92 
1IsoIate origins are: SKMG04 = Skybonnet, McGehee, teliospore 04; LMLN02 = Lemont, 
Lonoke, teliospore 02; NWNP03 = Newbonnet, Newport, teliospore 03. 
Table 2. Variety response expressed as mean smutted kernels 
per plot following Inoculation at late boot with selected 
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MANAGEMENT STRATEGIES FOR RICE 
PESTS: RICE SHEATH BLIGHT AND 
RICE BLAST CONTROL 
F.N. Lee, K.A.K Moldenhauer, K.A. Gravois, R.H. Dilday, 
B.R. Wells, R.J. Nonnan and G.S. Jones 
ABSTRACT 
Rice breeding lines and other genetic sources were evaluated for disease 
tolerance in inoculated blast and sheath blight nurseries and in un-inoculated 
observation plots located in grower production fields. RU9001096, which 
is a high-yielding, long grain, short-season entry being carefully considered 
for release as a variety, was as tolerant as or more tolerant than comparable 
released varieties. Advanced entries RU9101136, RU9101139 and 
RU9101142, which have 'Katy' lineage, were more blast tolerant than other 
advanced breeding lines, including RU9001096. 
INTRODUCTION 
Our research objectives are 1) to develop effective control measures for 
rice blast and rice sheath blight and 2) to research factors affecting blast and 
sheath blight severity in order to provide information needed for disease 
management decisions. Specific efforts to achieve these objectives are 
being made in the areas of developing resistant varieties, aiding in the 
evaluation and use of fungicides and investigating new and different produc-
tion practices to reduce disease occurrence and severity. 
Resistant varieties are the most efficient and effective method of disease 
control. Blast has been effectively controlled by insuring that varieties are 
resistant or immune to common races of the fungus. The fungus is very 
flexible, however, and has the capability to adapt to resistant varieties, 
sometimes with severe consequences. For example, the highly desirable 
'Newbonnet' variety, released as blast resistant to then-common races IG-1 
and IH-1, has sustained major yield reductions because of "new" races IC-
17 and IB-49. 
High levels of resistance to sheath blight are not available at this time. 
Relative tolerance, expressed as a reduced or limited yield loss, is available 
in some varieties. This tolerance is due to several characteristics (known 
and unknown) of the plant and requires a massive research commitment 
over a prolonged period of time for incorporation into new varieties. 
Resistant or tolerant varieties are developed by selecting the more-
resistant genetic lines under a uniform disease pressure. This is usually 
done where the disease can be controlled and reaction of entries can be 
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compared against established standards. Nurseries provide data valid only 
for the specific conditions of the test, and, as a result, tests have to be 
repeated several times to evaluate overall performance as well as perfor-
mance under circumstances in which all factors favor the disease. Normal 
production situations usually do not have uniform conditions for conducting 
these tests. Thus, nurseries are conducted in greenhouses and/or research 
test plots where artificial conditions can be established and maintained. The 
final evaluation comes, however, under field conditions, such as in grower 
production fields, where nursery results may be confirmed. 
PROCEDURES 
Two inoculated blast nurseries were established at the Rice Research 
and Extension Center, Stuttgart, Arkansas (RREC). Inoculated sheath blight 
nurseries were established at RREC (two plantings dates, all entries) and at 
Pine Tree Experiment Station, Colt, Arkansas (PTES) (advanced entries 
only). Grower observation nurseries were established in Lawrence, Lonoke, 
Poinsett and Cross counties in Arkansas. 
Plot Design 
Hill plot plantings were on 12-in. spacing. Marker, resistant and 
susceptible varieties were included at regular intervals for reference. Larger 
plot sizes were 6 x 8-ft plots for new and potentially new varieties and 3 x 
4-ft plots for advanced entries. 
Sheath blight hill plot nurseries conducted on the research stations were 
artificially inoculated at the beginning internode elongation growth stage. 
Inoculum was grown in the laboratory, increased on rice hulls and uni-
formly spread at an approximate rate of 1 quart/36 ft2 over all plots. 
Severity ratings were made on mature plants. 
Blast field nurseries were drought stressed to predispose plants to infec-
tion. A sprinkler system was placed over one nursery to provide free water 
for spore germination. A mixture of the susceptible Newbonnet and M401 
varieties was planted around the borders of plots. Borders were artificially 
inoculated with a mixture of blast races IG-1, IH-1, IC-17 and IB-49 plus 
unidentified races growing on fresh tissue collected from severely diseased 
grower fields. Severity ratings were made soon after heading using the 
visual disease severity scale. 
Blast evaluations were also conducted in the greenhouse. Two- to 
three-leaf seedling plants were sprayed with spore suspensions, held in a 
humidity chamber 24 hours and evaluated for lesion development after five 
to seven days on benches. The Uniform Rice Nursery (URN) entries and 
selected advanced breeding lines were evaluated for reaction to each of the 
four predominant races. The remainder of the disease nursery entries were 
evaluated for reaction to a mixture of the four races. 
Grower nurseries contained 8-ft plots of new and potentially new vari-
eties, 4-ft plots of advanced lines being considered for release and hill plot 
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plantings of advanced breeding lines from all programs. Plots were evalu-
ated for all diseases that occur in these tests. 
Visual disease severity ratings were made in all nurseries on the scale 
of 0=a totally immune response to 9=the maximum loss possible. Three 
to four replications of each test were evaluated, depending upon disease 
severity and uniformity. 
Disease nursery entries are grouped according to their position in the 
evaluation for release as varieties. The 200 URN entries, all University of 
Arkansas advanced breeding lines (300 entries in 1991) and advanced en-
tries from the Louisiana, Mississippi and Texas (as space permits and 
entries are available--100 in 1991) are placed in all tests. All preliminary 
entries from Arkansas (890 in 1991) and advanced entries from the other 
states (260 in 1991) are placed in the inoculated sheath blight nurseries. 
RESULTS AND DISCUSSION 
Disease Nursery Results 
Significant blast developed in all grower tests except those in Poinsett 
County where severe brown spot developed; sheath blight evaluations were 
obtained from all except Lonoke County, stem rot ratings were available 
from the Lawrence and Lonoke County tests, and kernel smut ratings were 
available in the Cross County test. Disease ratings for the new or poten-
tially new entries are presented in Table 1. The long grain entries 
RU9001194, RU9001007 and RU9001096 appear to have sheath blight and 
blast ratings similar to those of the commercial varieties. RU9001096 
sustained the least blast damage of the three in the observation plots. 
Ratings for six of the more disease-tolerant entries in the 4-ft advanced 
tests are presented in Table 2. Blast damage in the three long grain entries 
appeared to be substantially less than the damage observed in the more 
advanced entries in the nearby 8-ft test plots. 
SIGNIFICANCE OF FINDINGS 
Data presented in this report represent the current status in efforts to 
develop highly desirable, disease-tolerant rice varieties. Entries in these 
tests represent selections from several other preliminary disease tests, such 
as the sheath blight recurrent selection nursery. Data generated by the 
disease testing program provide insight into pathogen and rice plant interac-
tions, data to aid the plant breeder in variety release decisions and informa-
tion for producers about potential production problems if entries are re-
leased as varieties. 
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Table 1. Mean rating for dlseases1 observed In unlnoculated grower production 
fields and In Inoculated research tests for new and potentially new rice varieties. 
Grower uninoculated nurseries 
Poinsett Co. Lawrence Co. Cross Co. 
Grain S.B. Brnspt S.B. Blast Stmrot Blk + BLS K.S. K.S. 
Variety Type 8 ft HP 8 ft 8 ft 8ft HP 8ft 8FT HP 8ft HP 
Orion M 4 5 3 4 3 3 4 
Lacassine L 7 4 4 8 7 4 4 
Rosemont L 6 5 4 6 8 8 6 5 7 6 
Maybelle L 7 4 5 7 8 7 5 5 6 
JKSN-90/URN3 L 5 4 4 6 7 7 4 7 6 
P11-76 L 5 7 9 7 7 0 
RU9001194 L 4 4 6 8 7 7 6 6 2 
RU9001007 L 4 6 6 8 6 5 4 
RU9001096 L 6 5 7 7 7 4 6 
RT7015 L 6 6 6 6 8 5 6 6 7 6 
RU8902183 M 3 6 3 5 7 4 3 
Millie L 3 7 6 7 7 5 5 6 
Alan L 6 4 6 9 8 6 6 6 7 7 
Lemont L 7 6 6 7 7 4 2 
Grower Unin Nurseries Inoculated Nurseries 
Lonoke Co. RREC2 PTES 
Grain Blast K.S. Stmr Blast S.B. S.B. 
Varie~ Tll~• 8 ft HP 8 ft 8ft 8 ft HP HP HP HP 
Orion M 3 2 4 7 6 7 
Lacassine L 6 6 4 5 7 8 8 8 
Rosemont L 7 8 5 4 6 7 8 8 8 
Maybelle L 6 5 5 4 5 6 9 9 8 
JKSN-90/URN3 L 4 4 4 3 3 4 8 8 8 
P11 -76 L 8 9 8 9 9 
RU9001194 L 7 6 3 5 7 7 8 7 
RU9001007 L 5 5 3 4 7 8 7 8 
RU9001096 L 7 5 3 5 7 7 8 7 
RT7015 L 7 6 5 6 6 8 8 8 
RU8902183 M 4 2 5 8 7 7 8 
Millie L 5 6 5 4 6 8 6 7 7 
Alan L 7 6 6 5 5 7 7 8 8 
Lemont L 4 5 6 4 7 8 9 8 
1Visual rating scale O (None) to 9 (Severe); S.B. = Sheath Blight; Brnspt = Brown Spot; 
BLS = Blast; Stmrot = Stem Rot; K.S. = Kernel Smut; BLK + BLS = Unidentified 
blanking easily confused with blast; HP = Hill Test Plots; 8 FT = 6 X 8-ft test plots; 
- = Insufficient Data (not enough reps diseased). 
2RREC=Rice Research and Extension Center, Stuttgart, Arkansas; PTES=Pine Tree 
Experiment Station, Colt, Arkansas. 
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research station nurseries for select advanced variety development program entries. 
Lawrence Co Poinsett Co. Cross Co. Lonoke Co. Inoculated Hill Plot Test 
Grain S.B. Bl1m S.B. S.B. Brn BL~+ BLS Bill~ SbHlb Bligbt Blast 
Variety Type 4 ft 4 ft HP 4 ft HP Spt 4 ft HP 4 ft HP RREC2 RREC PTES RREC 
AU9101041 M 3 4 0 2 4 0 4 0 5 3 5 6 7 2 
RU9101084 M 6 5 5 6 5 6 4 5 5 5 8 8 8 7 
RU9101090 M 7 5 0 4 3 0 5 4 4 5 8 8 8 7 
AU9101136 L 5 5 4 5 6 0 4 0 5 5 5 8 8 3 
RU9101142 L 7 4 4 6 6 7 4 4 4 6 7 7 8 3 
RU9101139 L 8 5 0 5 5 0 4 0 3 5 6 5 7 8 
1Visual ratings are (O = none evident, 3 = slight, 5 = moderate, 9 = severe) S.B. = Sheath Blight; Brnspt - Brown Spot; BLK + BLS = 
Unidentified blanking easily confused with blast; HP = Hill Test Plots; 4 ft = 3 X 4 ft test plot. 
2RREC=Rice Research and Extension Center, Stuttgart, Arkansas; PTES=Pine Tree Experiment Station, Colt, Arkansas. 
EARLY DETECTION AND IDENTIFICATION 
OF RICE BLAST FUNGUS USING 
SEROLOGICAL TECHNIQUES 
J.Q. Xia, F.N. Lee and H.A. Scott 
ABSTRACT 
Plant samples collected from Arkansas rice fields were used to test blast 
(Pyricularia grisea) specific monoclonal antibodies (MAbs) by indirect En-
zyme Linked Immunosorbent Assay (ELISA). MAbs 4011, 11C6 and 3C3 
reacted positively with 35 blast samples, including leaf and rotten neck 
blast, but did not react with healthy rice tissue. MAb 4011 did not cross-
react with other common diseases or with three unknown lesions from rice 
plants. Mab 3C3 reacted weakly with one and Mab 11C6 reacted weakly 
with seven of ten common rice diseases other than blast. The MAbs were 
also used to detect the fungal pathogen from single blast lesions and single 
rice seed. The reactive sites of the MAbs on the fungus were analyz.ed using 
immunodot-blot, SDS-PAOE and western immunoblotting, indirect immun-
ofluorescence assay and immunoelectron microscopy with gold labelling. 
INTRODUCTION 
Serological tests offer specificity, sensitivity, speed and relative economy 
when applied to the detection and identification of plant and animal patho-
gens. Rice Research Board funding was used to produce monoclonal anti-
bodies (MAbs) against the rice blast fungus (Pyricularia grisea) in our 
laboratory. Of these, MAbs 4011 and 3C3 were defined as blast-specific, 
and the others showed partial cross-reaction with two or more unrelated 
fungi isolated from rice plants. MAbs 4011 (which reacts strongly with 
blast spores), 3C3 (which reacts with an extracellular component of the 
fungus) and 11C6 (which reacts with mycelia of the fungus) were selected 
for field testing. Results of testing of these MAbs by indirect ELISA on 
field samples of rice blast and other fungal diseases found in rice fields in 
Arkansas are reported here. Analysis for reactive sites of MAbs on or in 
the fungus were conducted. 
PROCEDURES 
1. Monoclonal antibodies. MAbs 4011 and 11 C6 were produced by 
fusing myeloma cells with splenocytes from mice immuniz.ed with 
crushed conidial suspensions of P. grisea race IB-49. MAb 3C3 
was developed against an extract of liquid cultural fluid of the 
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fungus. Ascites fluid was produced by injecting pristane-primed 
BALB/c mice with hybridomas. 
2. Sample collection. Tissue samples showing disease symptoms were 
collected from Arlcansas rice fields in 1991. Diseases were identified 
based on symptoms and/or fungi developing on the surface of 
lesions. Specimens were examined under the microscope 
immediately after collection or after incubating in a moisture 
chamber. A total of 87 samples were collected, including 35 rice 
blast and 42 non-blast diseases. Four samples of blast-infested rice 
seed were collected from 1990 seed lots. 
3. Indirect ELISA. All plant tissue samples were ground in phosphate-
buffered saline (PBS) containing 1 % NaN
3 
and filtered through a 
layer of cheesecloth. Single lesions were cut from infected leaves 
and ground with a slide and a glass bar. Filtrate from the tissue 
samples was collected in wells of a microplate. One single whole 
rice seed was assayed in PBS per microplate well. The samples 
were held in the microplate overnight, then incubated with the 
MAbs (ascites diluted at 1:2000-3000) and probed with peroxidase-
conjugated goat anti-mouse antibodies. An absorbance value three 
times larger than that of the control (normal mouse ascites) was 
considered a positive reaction. 
4. Analysis of reactive sites of the fungus. Serological techniques 
used for analyzing the reactive sites of the fungus with the MAbs 
included immunodot-blotting, SDS-PAGE and western 
immunoblotting, indirect immunofluorescence assay and 
immunoelectron microscopy with gold labelling. 
RESULTS AND DISCUSSION 
The results of ELISA tests of MAbs 4Gll, 3C3 and 11C6 against 35 
blast samples and 42 samples representing 10 fungal diseases and three 
unknown diseases are summari:r.ed in Table 1. Healthy rice tissue, included 
in all ELISA tests as a control, did not react with the MAbs. The three 
MAbs reacted positively with all samples identified as being blast. 
The reaction was sufficiently intense to detect the fungus in single leaf 
lesions and in 2-mm portions of panicles showing rotten neck symptoms. 
Fresh, frozen and dried preparations of the same samples appeared to react 
in the same manner. 
In cross-reaction tests with other common or unknown diseases found in 
rice, MAb 11C6 reacted with seven, MAb 3C3 reacted weakly with one, and 
the species-specific MAb 4G 11 did not react with any of the 13 non-blast 
samples. The cross-reaction of MAb 11 C6 with other rice diseases will limit 
its use. MAb 4G 11 and perhaps 3C3 have potential for use in efforts to 
develop a blast-specific detection and identification kit for field use. 
ELISA tests of rice seeds showed that the MAbs 4G 11 and 3C3 could 
be used to detect the blast fungus in single grains (Table 2). 
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Analysis of reactive sites of fungus indicated that MAb 4G 11 reacts 
with two major proteins (63 and 20 kDa) located on the surface of conidfal 
spores and in the cytoplasm of conidia and hyphae. Mab 3C3 reacts with a 
protein component (113 kDa) that is found in the cell wall and lomasome of 
fungal hyphae and can be extracted from liquid cultures of the fungus. 
SIGNIFICANCE OF FINDINGS 
One primary goal of this project is to develop techniques to rapidly 
detect and accurately identify blast in field situations. Timely and more 
efficient control decisions can be made with this information. Research 
results to date indicate that this is possible using serological techniques. 
Preliminary results utilizing field-collected tissue samples suggest that MAbs 
4G 11 and 3C3 may be useful for this purpose. Regardless, knowledge 
gained through this research can be used to return to the laboratory with 
better-designed techniques of developing and screening the new, more-
sensitive and more-specific MAbs needed to achieve the stated objectives. 
Table 1. ELISA test results of MAbs 4G11, 3C3 and 11 C6 with disease samples 
collected from Arkansas rice fields. 
Sample1 
Rice blast (Inoculated nursery) 
Rice blast (Air borne infected nursery) 
Rice blast (Small lesion) 
Rice blast (Medium lesion) 
Rice blast (Large lesion) 
Rice blast (Neck rot) 
A/temaria spp. (Stack burn ?) 
Helminthosporium spp. (Brown spot) 
Cercospora spp. (Narrow Br. leaf spot?) 
Rhizoctonia solani (Sheath blight) 
Enty/ona o,yzae (Leaf smut) 
Tilletia barclayana (Kernel smut) 
Cochliobolus miyabeanus (Brown spot) 
Sphaerulina o,yzina (Narrow brown) 
Monographella a/bescens (Leaf scald) 
Perithecia (Unknown) 
Perithecia and Helminthosporium (Unknown) 
Unknown lesion (1) 
Unknown lesion (2) 
Unknown lesion (3) 
Healthy tissue (Control) 






























2Relative degrees of reaction were: - (none), + (weak), + + (medium) and + + + (strong). 
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Table 2. ELISA assay for blast-contaminated rice seeds 
using MAbs 4G11 and 3C3. 
4G11 3C3 
Samples Positive/Total Positive/Total 
Rice seed lot No. 7 2/24 1 /24 
Rice seed lot No. 45 0/24 o I 24 
Rice seed lot No. 53 1 / 24 0/24 
Rice seed lot No. 11 2/24 2/24 
Rice seed lot No. 32 0/24 1 / 24 
Rice seed lot No. 52 5/24 3/24 
Healthy rice seeds (Control) 0/24 0/24 
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MANAGEMENT STRATEGIBS FOR RICE PESTS: 
INSECT CONTROL IN RICE 
J.L. Bernhardt and N.P. Tugwell 
ABSTRACT 
The amount of pecky rice found in rice fields was compared to that in 
samples taken from the combine after rice was shelled and after rice was 
milled. Harvest, shelling and milling reduced peck by 10, 13.7 and 58%, 
respectively, compared to the amount of pecky rice found in samples from 
rice fields. These data, along with estimates of crop value and the amount 
of damage caused per rice stink bug, can be used to make better-informed 
decisions concerning applications of insecticides for rice stink bug control. 
INTRODUCTION 
The rice stink bug is one of the more common insect pests found in 
Arkansas rice fields. Rice stink bugs directly damage rice grain on the 
panicle through feeding activities. Once the grain has been fed upon by the 
rice stink bug, pathogens often discolor the kernel (pecky rice). Grain fed 
upon by the rice stink bug does not show any external symptoms of dam-
age. Only after the rice grain is hulled does the extent of damage become 
evident. If the amount of pecky rice is excessive, the rice becomes less 
desirable to the buyer, and a lower price is paid to the grower. 
The grower usually wishes to minimize losses to yield caused by the 
rice stink bug and maintain the high quality of the rice. To do so, guide-
lines are used to aid in the decision on a course of action for insect 
management. These guidelines are based on four primary factors--crop 
value, pest management costs, degree of damage per insect pest and crop 
susceptibility. For rice, the crop value depends heavily on the quality or 
grade. Discounts are levied through a standardized grading system that 
lowers grade (price) according to the level of combined amounts of discol-
ored kernels, red rice and objectionable seed from weeds and other crops. 
Grain damaged by rice stink bugs contributes to the amount of discolored 
kernels. 
The amount of discolored kernels in the sample taken for grade assign"." 
ment may not always be the same as the amount found in rough rice. The 
grain is subjected to harvest and post-harvest processes that may alter the 
amount of discolored kernels. Grain combines have variable cylinder speeds 
that regulate the amount of waste material. Likewise, equipment used to 
shell rice has an air-flow system to separate lighter portions of rough rice 
(hulls, debris, etc.) from heavier portions (kernels). Equipment that mills 
rice abrades rice kernels to remove bran and polish the rice. Thus, light-
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weight, discolored kernels could be lost during harvest and removal of hulls 
or crushed while the bran is removed. 
The objective of these studies was to assess the change in the amount of 
pecky rice caused by the rice stink bug as the grain was harvested, shelled 
and milled. 
PROCEDURES 
The first year (1986) of the study, 11 rice fields in the Arkansas 
Cooperative Extension Service's Rice Research Verification Trials (RRVT) 
were sampling sites. Each field was divided into 16 quadrants, and 30 rice 
panicles were randomly taken from each quadrant shortly before the fields 
were harvested. Rough rice was taken from the combine. 
Of the 480 panicles from each field, 400 were randomly chosen and 
evaluated for rice stink bug feeding damage. Grain was manually removed 
from the panicles. A slit-box was used to identify discolored grain. The 
box consisted of a light bulb positioned beneath a slit-opening in the top. 
Grain was passed over the opening. Discolored areas on the grain appeared 
opaque and damaged grain was easily separated from the undamaged grain. 
Rough rice taken from the combine was divided into three lots. The 
first lot was examined over the slit-box. Once discolored grains were 
identified, each was examined under a dissecting microscope to determine if 
rice stink bugs caused the discoloration. The second lot of rough rice was 
hulled. All kernels were examined under a dissecting microscope for those 
discolored by rice stink bugs. The third lot of rough rice was submitted to 
the USDA Federal Grain Inspection Service (FGIS) for assignment of a 
grade. Milled rice was obtained from FGIS and examined under a dissect-
ing microscope for rice discolored by rice stink bugs. 
For 1987 through 1991 only rough rice from the combine was obtained 
from nine to 11 RRVT fields each year. Samples were divided and evalu-
ated as in the first year. Results from the first three years are presented. 
RESULTS AND DISCUSSION 
Every field sampled had some level of pecky rice caused by rice stink 
bugs. For the first year of samples (1986), the highest average amount of 
peck was found in the panicle samples (see Fig. 1). Each successive source 
of samples had smaller amounts of pecky rice. The percentages above the 
bars on Fig. 1 indicate the percentage of decrease as compared to the 
amount in the panicle samples. Harvest of rice reduced the average amount 
of peck by 10%; shelling the rice reduced peck by about 12%; and milling 
the rice reduced peck by 63 % if amounts were compared to the amount in 
the panicle samples. · 
For years 1987 and 1988, a decline in the amount of pecky rice was 
similar to that of 1986 in samples from rough, brown and milled rice. No 
panicle samples were taken in those years; so the amount for panicle samples 
was estimated from that in 1986 and graphed to show relative trends. 
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As mentioned previously, the four basic components involved in the 
preparation of guidelines for management of insect pests are crop value, 
pest management costs, degree of damage per insect pest and crop suscepti-
bility. These data indicate that the decision to apply insecticides for rice 
stink bug control will depend on the intended market for the rice. If the 
parboiled rice market is the choice, then the amount of insect control would 
be more critical. The amount of peck found in the brown rice was reduced 
by an estimated average of only 14% from that in the field. If white rice 
(milled, but not parboiled) is the market, then the amount of insect control 
can be substantially less. The amount of peck in milled rice was reduced by 
an estimated average of 60 % from that in the field. Research studies are 
being completed that would give estimates of the amount of peck that could 
be expected from various infestations of rice stink bugs. 
SIGNIFICANCE OF FINDINGS 
Harvest and post-harvest procedures reduce the amount of discolored 
kernels caused by rice stink bug feeding. These data can be used to make 
















Average Percent Pecky Rice 
10% 13'11, 63% 
Panlcle Rough Brown Milled 
Source of Rice Samples 
Average Percent Pecky Rice 
48'11, 
Panicle Rough Brown Milled 
Source of Rice Samples 
Panlcle Rough Brown Milled 
Source of Rice Samples 
Fig. 1. Average percent pecky rice found In rice aamplea 
from varloua aourcea from 19861hrough 1988. 
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PESTS: SCREENING FOR RICE 
STINK BUG RESISTANCE 
J.L. Bernhardt and R.H. Dilday 
ABSTRACT 
Fifty-seven rice lines were compared for susceptibility to damage by 
the rice stink bug. In general, the medium and short grain rice lines 
averaged 1. 7 times more peck than did the long grain rice lines. Either the 
rice stink bug preferred to feed upon the short and medium grain rice lines, 
or those lines were more susceptible to the pathogens mediated by rice stink 
bug feeding activities. 
INTRODUCTION 
The rice stink bug is a perennial pest of rice. Very few fields, if any, 
escape some level of damage from feeding activities of the rice stink bug. 
Feeding by rice stink bugs causes both yield and quality loss. Arkansas 
researchers have estimated the losses by rice stink bugs to be $0.375/cwt for 
each percentage of pecky rice present at harvest; at 4500 lb/acre, 1 % peck 
would cost $19.50/acre in losses and discounts. 
Although relatively inexpensive chemicals are currently available for 
rice stink bug control, the development and use of resistant rice varieties 
would be beneficial. Production costs would be lowered by fewer expendi-
tures for insecticides and applications. In addition, discounts due to pecky 
rice would be reduced. Other benefits derived from resistant rice varieties 
would be a more effective use of insecticides that would decrease chances of 
insecticide resistance and groundwater contamination and a potential for 
increased benefit from natural enemies of the rice stink bug. 
Plant resistance to insects is always relative. Thus, the degree of 
resistance is based on repeated comparisons of test plants. Plants that are 
more severely damaged are termed susceptible, while those with consis-
tently lesser amounts of damage under similar test conditions are termed 
resistant. The field test reported here is a study to identify sources of 
resistance to rice stink bug feeding by the evaluation of rice lines in the 
USDA rice germplasm collection. 
PROCEDURES 
Fifty-seven selected rice lines were compared in six replicated field 
plots. Placement of areas of barnyardgrass on plot borders was used to 
enhance infestation by rice stink bugs. This method has proved to be 
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effective in attracting rice stink bugs to the test area. Rice lines with 
similar maturity dates were planted together. Of the 57 lines selected, 29 
were long grain rice, 22 were medium grain rice, and 6 were short grain 
rice. The rice breeding program in Arkansas contributed 18 of the lines; 
Texas, 14 lines; California, 14 lines; Louisiana, nine lines; Missouri, one 
line; and one line from India. 
Mature panicles were hand harvested and dried. Grain was removed 
from the panicles by a laboratory thresher, hulled and then passed through 
an electronic sorting machine that separates discolored kernels from other 
kernels. The discolored kernels were examined under a dissecting micro-
scope to determine the cause of the discoloration. The categories were (1) 
pecky rice, caused by rice stink bug feeding, (2) smut, caused by a patho-
gen, (3) a linear discolored split on the kernel, specific cause unknown but 
not caused by rice stink bug and (4) discolored bran usually not penetrating 
the kernel, various causes but not any of those already mentioned. The 
amount of discolored kernels in a category was expressed as a percentage of 
the total weight of brown rice adjusted to 10% moisture. 
RESULTS AND DISCUSSION 
The presence of bamyardgrass plots on the borders of the rice plots 
attracted rice stink bugs. As a result, all rice lines in the test had pecky rice 
due to rice stink bug feeding and subsequent infection by pathogens medi-
ated by the feeding activities. 
The rice stink bug showed a preference for short and medium grain rice 
lines in this test. The short and medium grain rice lines averaged 1. 7 times 
as much peck as long grain rice lines (see Tables 1 and 2). Either the rice 
stink bugs preferred to feed on the medium and short grain lines, or those 
rice lines were more susceptible to pathogen infection than were the long 
grain lines. 
Differences in the amount of pecky rice were also found among lines of 
the same grain type. Long grain rice lines such as 'Tebonnet', 'Newbonnet', 
'Lemont' and 'Alan' had higher levels of peck than did lines such as 'Katy', 
'Millie', 'Rice Tee's V7817', L201 and L202. Katy and Millie, recent 
releases from Arkansas, may have some resistance to the rice stink bug. 
The medium and short grain rice lines that were developed in Califor-
nia had extremely high amounts of peck and other types of discolored 
kernels. The most common medium grain rice grown in Arkansas, 'Mars', 
had a much lower amount of peck compared to other medium grain rice 
lines. 
The medium grain rice 'Dular' had the lowest level of peck of all the 
lines tested. Although Dular had a low amount of peck and could have 
resistance to rice stink bug, other plant traits will keep Dular from being 
used in the breeding program. It has a red hull and red bran, grain falls 
easily from the panicle when ripe, and it has very weak straw strength. 
None of these characteristics are desirable agronomic traits. 
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In summary, the high amounts of pecky rice in the medium and short 
grain rice lines either show a preference by the rice stink bug for these rice 
lines, or indicate that the long grain rice lines are less susceptible to patho-
gens mediated by rice stink bug feeding activities. A test such as the one 
reported here was repeated in 1991, but the evaluations are not complete. 
In the future other tests will be used to evaluate other rice lines in the 
USDA world collection of rice. 
SIGNIFICANCE OF FINDINGS 
Among the rice lines tested for resistance to rice stink bug feeding, the 
medium and short grain lines had on the average twice as many discolored 
kernels of all types and 1. 7 times as much rice stink bug caused discolored 
kernels (pecky rice) compared to the long grain rice lines. Katy, Millie and 
Mars appear to have less peck damage than the other lines. 
Table 1. Average percentage of discolored kernels In long grain 
rice lines (smut not Included). 
Total 
Rice Line Source Discolored Peck Linear Other 
Della LA 3.21 2.55 0.01 0.65 
Tebonnet AR 2.85 2.39 0.01 0.45 
Newrex TX 3.12 2.02 0.00 1.10 
Bonnet73 AR 2.31 1.89 0.02 0.40 
Lemont TX 2.58 1.80 0.04 0.74 
Newbonnet AR 2·,43 1.75 0.10 0.58 
LA110 LA 2.87 1.73 0.01 1.13 
Alan AR 1.91 1.66 0.02 0.23 
Bluebonnet TX 1.90 1.51 0.00 0.39 
Labelle TX 2.02 1.42 0.01 0.57 
Sh. St. Dawn AR 1.85 1.40 0.04 0.41 
Skybonnet TX 1.94 1.19 0.01 0.74 
Starbonnet AR 1.53 1.15 0.01 0.37 
Bond AR 1.79 1.12 0.01 0.62 
Leah LA 1.89 1.04 0.02 0.83 
Gulfmont TX 1.66 1.03 0.01 0.62 
Bluebelle TX 1.59 1.02 0.02 0.55 
Lebonnet TX 1.74 1.00 0.01 0.73 
Katy AR 1.36 0.97 0.02 0.37 
Jasmine85 MS 1.56 0.96 0.11 0.49 
L.201 CA 1.54 0.94 0.02 0.58 
Rexmont TX 1.81 0.91 0.03 0.87 
L.202 CA 1.41 0.89 0.00 0.52 
Millie AR 1.57 0.89 o.oo 0.68 
Cal Belle CA 1.11 0.83 0.00 0.27 
Vegold AR 1.28 0.78 0.01 0.49 
Bellemont TX 1.29 0.67 0.02 0.60 
Dawn TX o.n 0.62 0.02 0.13 
RiceTec V7817 TX 1.35 0.52 0.03 0.80 
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Table 2. Average percentage of discolored kernels In medium and short 
grain rice lines (smut not Included). 
Total 
Rice Line Source Discolored Peck Linear Other 
Medium grain 
Cal Rose CA 6.86 4.37 0.20 2.28 
M7 CA 6.75 3.87 0.67 2.21 
Cal Pearl CA 6.91 3.29 1.28 2.34 
M302 CA 8.79 3.22 0.97 4.60 
M301 CA 5.08 2.84 0.09 2.12 
Nova AR 3.36 2.48 0.02 0.86 
Nova 76 AR 2.90 2.11 0.02 0.76 
Zenith AR 2.74 2.01 0.01 0.70 
Vista LA 2.56 1.90 0.02 0.64 
Brazos TX 3.11 1.87 0.02 0.64 
Saturn LA 2.61 1.64 0.01 0.94 
M9 CA 3.99 1.53 0.24 2.23 
Nato LA 2.42 1.52 0.04 0.85 
Mercury LA 4.85 1.46 1.16 2.22 
Arkrose AR 2.20 1.41 0.01 0.78 
Northrose AR 2.79 1.37 0.01 1.40 
Pecos TX 2.22 1.33 0.02 0.87 
M201 CA 2.97 1.20 0.19 1.57 
Gulfrose TX 1.74 1.17 0.00 0.55 
Mars AR 1.45 0.96 0.07 0.43 
Palmyra MO 1.42 0.87 0.13 0.42 
Dular India 0.42 0.36 0.02 0.03 
Short Grain 
Nortai AR 5.97 4.44 0.03 1.49 
Colusa CA 6.95 3.82 0.02 3.11 
S201 CA 5.12 3.37 0.07 1.68 
Cody AR 5.23 2.93 0.06 2.31 
Calmochi CA 5.47 2.19 0.15 3.12 
Nova Dwarf AR 5.97 1.02 1.35 3.60 
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WEED CONTROL IN RICE (RED RICE, 
BROADLEAF AND SEDGE CONTROL) 
R.J. Smith, Jr., A.M. Baltuar and C.B. Guy 
ABSTRACT 
Experiments were conducted to develop improved weed control tech-
nology for red rice, broadleaf, sedge and aquatic weed complexes in rice. 
Existing herbicide programs controlled weeds effectively. New treatments 
such as propanil or Facet tank-mixed with broadleaf herbicides and various 
new combinations or treatments of existing herbicides also controlled broad-
leaf weeds effectively with adequate selectivity to rice. The use of ultralow 
spray volumes of 0.5 gpa with air-assist nozzles controlled red rice at 1/2X 
rates compared with lX rates when applied at conventional spray volumes 
of 20 gpa with a conventional boom nozzle applicator. Rice germplasm 
lines with allelopathic properties suppressed growth of aquatic weeds, in-
cluding ducksalad, redstem, waterhyssop and rice flatsedge comparably to 
standard herbicide treatments, including Londax, propanil or Basagran. 
Collego applied in an invert emulsion carrier controlled northern jointvetch 
and hemp sesbania. 
INTRODUCTION 
Weeds infesting rice cause significant yield reductions resulting in mon-
etary losses to rice growers. Red rice alone causes an estimated loss of $15 
to $20 million annually to the rice crop in Arkansas. Broadleaf, sedge and 
aquatic weeds and red rice can reduce rice yields from 20 % to as much as 
90 % . Control programs against these weeds are available, but continued 
studies are conducted every cropping season to: 1) improve existing tech-
nology; 2) adjust to changes in industry or regulation policies that deter-
mine commercial availability of herbicides; and 3) provide a continuous 
source of control alternatives to prevent buildup of weed tolerance to herbi-
cides that could result from continuous use of a single herbicide. These 
studies include: 1) efficacy comparisons of standard and new herbicide 
treatments for control of red rice, broadleaf weeds and sedges; 2) develop-
ment of non-chemical control methods such as the search for rice germplasm 
lines with potential allelopathic activity against weeds; and 3) development 
of microbial herbicides. 
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PROCEDURES 
Herbicide treatments were compared in replicated field experiments 
conducted in different soils and environments for control of red rice, broad-
leaf, aquatic and sedge weeds in rice and rotated crops. Standard and 
experimental herbicides applied alone or in tank mix or in sequential combi-
nations were treated at various rates, times and methods of application. 
Treatments were evaluated in terms of weed control efficacy and effect on 
crop growth. Generally, effective treatments were those that provided 
~80% weed control, .s._30% injury to rice from which rice recovered in a 
reasonable period of time, with rice producing grain yields comparable to 
that treated with standard herbicides. 
RESULTS AND DISCUSSION 
Red Rice Control 
A new experiment initiated this year compared efficacy of Select or 
Assure applied with conventional boom nozzles (CBN) or air-assist nozzles 
(AAN) for control of red rice in soybeans. Select or Assure was applied at 
either a conventional spray volume (20 gpa) using CBN or a low spray 
volume (0.5 gpa) using AAN. The AAN treatments were applied with 
water, water + AgriDex or oil (Orchex 796F) as carriers. 
Select applied with CBN at the lX rate or with AAN at l/2X or lX 
rates in all carriers controlled red rice comparably in soybeans. These 
treatments performed better than l/2X rates applied conventionally. Yields 
were comparable from soybeans treated with all carriers applied by CBN or 
AAN. Only soybeans treated with the l/4X rate averaged over all applica-
tors or carriers produced reduced yields compared with the lX rate. Gener-
ally, applications with CBN at the l/2X rate or with the AAN at l/4X or 
less rates had reduced performance. 
Assure applied with CBN provided poor to good control of red rice at 
the lX rate. Assure applied with CBN did not control red rice at the l/2X 
rate. Assure applied with AAN using either water, water + AgriDex or oil 
as carriers at all rates failed to control red rice. Therefore, Assure con-
trolled red rice less effectively than Select applied with either application 
system. 
Yellow Nutsedge and Broadleaf Weed Control 
Londax applied alone before flooding controlled 3- to 6-in. yellow 
nutsedge plants at 0. 75 to 1.0 oz/acre. This rate can be lowered to 0.25 to 
0.50 oz/acre if Londax is tank-mixed with propanil and applied preflood. 
Postflood application of Londax to 6- to 10-in. yellow nutsedge did not 
control this weed. For broadleaf weed control, Londax controlled northern 
jointvetch, hemp sesbania, eclipta and rice flatsedge at 0.45 to 1.0 oz/acre 
and palmleaf momingglory at 0.6 to 1.0 oz/acre. 
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Continuing evaluation studies on Rely showed that tank-mixing it with 
propanil provided adequate control of broadleaf weeds when applied before 
or after flooding at 0.25 to 0.38 lb/acre. When applied alone, this rate 
should be increased to 0.38 lb/acre. 
For broadleaf weed control, propanil, Londax or Rely applied alone or 
propanil tank-mixed with either Londax or Buctril during early-season con-
trolled 12-in. northern jointvetch and hemp sesbania. Buctril or Facet 
applied alone controlled 12-in. northern jointvetch but not hemp sesbania. 
When applied at midseason, propanil or Rely alone or propanil tank-mixed 
with Buctril controlled 20- to 24-in. hemp sesbania and northern jointvetch. 
The propanil tank mixtures were more effective than the single treatments, 
particularly when applied to larger weeds. Propanil, tank-mixed with Buctril, 
Rely, Basagran or Blazer, provided excellent control of broadleaf weeds. 
Weed Control with Buctril 
Buctril tank mixtures with standard or experimental herbicides were 
also compared. Buctril tank-mixed with Arrosolo or Facet provided excel-
lent control of bamyardgrass. Bearded sprangletop was controlled by Buctril 
when tank-mixed with Arrosolo but not when tank-mixed with Facet or 
propanil. Tank-mixing Buctril with Arrosolo, Facet or propanil controlled 
all broadleaf weeds and rice flatsedge as well as bamyardgrass. Rice treated 
with tank-mix treatments yielded comparably to rice treated with Rely + 
propanil, the standard treatment. 
Allelopathy Studies 
In comparing allelopathic activity of rice germplasm, 32 of 38 rice 
germplasm (GP) lines reduced growth of aquatic weeds (ducksalad, redstem 
and waterhyssop) compared with 'Rexmont', a standard cultivar without 
allelopathic activity. Aquatic weed dry weight was reduced 80 to 90% by 
nine GP lines, 62 to 77% by 20 GP lines and less than 60% by three GP 
lines. GP lines with high allelopathic (> 80%) activity differ in origin, 
grain type, plant height and maturity. GP lines with allelopathic activity 
produced about 6 to 11 times more rice root dry weight than Rexmont. As 
rice root dry weight increased, weed dry weight was reduced. In another 
experiment in which activity of allelopathic rice germplasm was compared 
with Londax for control of aquatic weeds, six GP lines reduced aquatic 
weed dry weight 87 to 99 % compared with no control for Rexmont and 
100% control for Londax. In comparing activity of allelopathic GP lines 
plus their straw with a standard herbicide treatment of propanil + Basagran 
for control of rice flatsedge, allelopathic rice straw at 4 tons/acre reduced 
weed dry weight better than at 0 or 2 tons/acre but not as well as that of 
propanil + Basagran, which controlled rice flatsedge 100%. Propanil + 
Basagran and the 4 tons/acre straw treatments combined with rice germ.plasm 
controlled weeds sufficiently to prevent yield loss. Rice grain yield in plots 
that received propanil + Basagran and 2 to 4 tons/acre straw treatments 
produced higher yields than untreated plots because of rice flatsedge con-
trol. 
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Microbial Herbicide Studies 
Collego and Coletru, a new microbial herbicide that infects hemp 
sesbania, were studied for broadleaf weed control in rice. When Collego 
alone or tank-mixed with Coletru was applied in invert emulsions, both 
northern jointvetch and hemp sesbania were controlled. However, Coletru 
applied as invert emulsions controlled only hemp sesbania. Likewise, 
Collego applied in a carrier of only water controlled only northernjointvetch. 
Applying Collego in an invert emulsion carrier apparently broadens its 
activity to control hemp sesbania in addition to northern jointvetch. 
SIGNIFICANCE OF FINDINGS 
New application methods for applying Select to control red rice in a 
rotated crop (soybean) were tried. Among these was the use of ultralow 
spray volumes of 0.5 gpa with air-assist nozzles that controlled red rice at 
1/2X rates compared with lX rates when applied at conventional spray 
volumes of 20 gpa with a conventional boom nozzle applicator. Air-assist 
nozzles provided weed control at reduced rates of herbicides. 
Existing standard herbicide treatments of Rely, Buctril, Basagran, Blazer 
and Londax continued to provide good control of broadleaf weeds and 
sedges. New herbicide treatments have also been studied, and their effec-
tive rates, and times of application have been identified. For broadleaf 
weed control, propanil (3-4 lb/acre), Londax (0.45 to 1.0 oz/acre) or Rely 
(0.25-0.38 lb/acre) or propanil tank-mixed with Londax, Buctril (0.38 lb/ 
acre), Rely (0.25 lb/acre), Basagran (0.5 lb/acre) or Blazer (0.125 lb/acre) 
provided excellent control of northern jointvetch, hemp sesbania, eclipta, 
momingglories and other broadleaf weeds. Tank mixtures or higher rates 
or both were needed as weed size increased. For yellow nutsedge control, 
single application rates of 0. 75-1.0 oz/acre of Londax can be reduced to 
0.25-0.5 oz/acre if Londax is tank-mixed with propanil. Better results were 
obtained from preflood applications of Londax than with postflood applica-
tions. These new treatments expand growers' options as well as prevent 
continuous use of a single treatment that could lead to a build-up of weed 
tolerance. 
Rice germplasm lines with allelopathic properties suppressed growth of 
aquatic weeds including ducksalad, redstem, waterhyssop and rice flatsedge 
comparably to standard herbicide treatments, including Londax, propanil 
and Basagran. Biological weed control with allelopathic rice may reduce 
dependence on herbicides. 
Collego applied in an invert emulsion carrier controlled northern 
jointvetch and hemp sesbania. Applying Collego in an invert emulsion 
broadens its activity on weeds and enhances benefits of microbial herbi-
cides. 
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MANAGEMENT STRATEGIES FOR RICE PESTS: 
WEED CONTROL IN RICE (GRASS CONTROL) 
R.J. Smith, Jr., A.M. Balta7.ar and C.G. Guy 
ABSTRACT 
Experiments were conducted to develop improved weed control tech-
nology for grass weeds infesting rice. Existing herbicide programs con-
trolled weeds effectively. New treatments such as Facet, Whip EW and 
various new combinations or treatments of existing herbicides also con-
trolled weeds effectively with adequate selectivity to rice. After 30 years of 
continuous propanil use, a propanil-toleraot biotype of bamyardgrass has 
developed; treatments using standard herbicides were developed to control 
this weed biotype. Dry or liquid flowable formulations of propanil con-
trolled weeds as effectively as emulsifiable concentrates. Other notable 
results this year include effective weed control in stale-seedbed rice, use of 
ultralow volume air-assist nozzles that reduce herbicide rates and use of 
PGR-treated rice seeds to increase herbicide selectivity. 
INTRODUCTION 
Weeds infesting rice cause significant yield reductions, resulting in 
monetary losses to rice growers. Bamyardgrass (BYG) and bearded 
sprangletop (BSn, the two major grasses infesting rice, can reduce rice 
yields by as much as 80 % . Control programs against these weeds are 
available, but continued studies are conducted every cropping season 1) to 
improve existing technology, 2) to adjust to changes in industry or regula-
tion policies that determine commercial availability of herbicides and 3) to 
provide a continuous source of control alternatives in an attempt to prevent 
build-up of weed tolerance to herbicides that could occur from continuous 
use of a single herbicide. These studies include: 1) efficacy comparisons of 
standard and new herbicide treatments in various rates, times, combinations 
and methods of application and 2) integration of cultural practices with 
herbicides. 
PROCEDURES 
Herbicide treatments were compared in replicated field experiments 
conducted in different soils and environments for control of grasses in rice 
and rotated crops. Standard and experimental herbicides applied alone or in 
tank-mix or sequential combinations were treated at various rates, times and 
methods of application. Treatments were evaluated in terms of weed con-
trol efficacy and on effect on crop growth. Generally, effective treatments 
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were those that provided L80% weed control, ~30% injury to rice from 
which rice recovered in a reasonable period of time, with rice producing 
grain yields comparable to those of rice treated with standard herbicides. 
WEED CONTROL IN RICE 
Propanil-Tolerant Barnyardgrass 
Greenhouse studies conducted in 1990-91 showed that BYG collections 
from six farms in Poinsett County, Arkansas, were not controlled by propanil 
at rates from 3 to 10 lb/acre. These results were confirmed in subsequent 
studies conducted in two growers' fields naturally infested with propanil-
tolerant BYG, showing that sequential applications of propanil from 3 
followed by (fb) 3 to 10 fb 10 lb/acre provided only 50 to 60% control of 
this weed biotype. In another set of greenhouse and field studies conducted 
to compare efficacy of herbicide treatments, those that were identified to 
provide > 80% control of propanil-tolerant BYG included: 1) tank mixtures 
of propanil with Bolero, Prowl or Facet applied to 2-leaf grass; 2) Whip 
applied preflood to 4-leaf rice; 3) Ordram at 4 lb/acre applied postemergence 
into the floodwater; 4) Facet applied delayed preemergence or to 2-leaf 
grass; 5) Facet tank-mixed with propanil, Prowl, Bolero or Arrosolo ap-
plied to 2-leaf grass; 6) Bolero applied delayed preemergence; and 7) Arrosolo 
tank-mixed with Bolero or Prowl applied to 2-leaf grass. These herbicide 
treatments at standard rates were effective. 
Herbicide Programs 
Continued efficacy comparison studies of standard and experimental 
herbicides at different soil and environmental conditions showed that stan-
dard herbicides including Prowl, Bolero, propanil, Whip and Arrosolo 
provided adequate control of BYG and BST, the two major weeds infesting 
rice. These treatments should be applied to grasses not larger than the 4-
leaf stage. The rice cultivar used in these studies, 'Alan' , showed some 
degree of susceptibility to Whip in some locations, but it eventually recov-
ered. 
In the search for more treatments to control grasses, propanil tank-
mixed with the broadleaf herbicides Buctril, Rely, Basagran or Blazer did 
not control the two grasses, BYG and BST. Prowl controlled BYG and BST 
when applied delayed preemergence but not when applied preemergence. 
Propanil Formulations 
A study on comparison of efficacy of dry flowable (DF) and emulsifi-
able concentrate (EC) formulations of propanil was repeated this year. 
Propanil in either formulation tank-mixed with Bolero or Prowl controlled 
BYG and BST with consequent high rice yields. Although control of BYG 
and BST when propanil was applied alone in either formulation or when 
tank-mixed with Ordram was not as good as that with the Bolero or Prowl 
tank mixtures, rice so treated yielded high. Propanil in either formulation 
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failed to control the two grasses when applied at the 4-leaf grass stage or 
failed to control propanil-tolerant BYG in the 2-leaf stage. 
Whip Formulations 
Continued comparison of the new Whip formulation, HOE 46360 EW 
at 0.07 lb/acre (1/2 of the EC formulation use rate), showed that it con-
trolled propanil-tolerant BYG with rice yields of about 7800 lb/acre when 
applied preflood to 4-leaf rice. Applying it postflood did not control either 
kind of BYG (tolerant or susceptible) because the weed was too big at the 
time of treatment and it also caused slight to moderate rice injury. 
Ord.ram Formulations 
Applying Ordram seven days after application of Whip provided excel-
lent control of BYG. A new formulation of Ordram in the form of extruded 
starch was compared with the conventional granular formulation and was 
shown to control BYG when applied at 3 to 4 lb/acre from 1 to 3 weeks 
after flooding. Both formulations failed to control BST at these application 
times and rates. Ordram applied preplant incorporated failed to control 
BYG orBST. 
Weed Control with Facet 
Facet was evaluated again this year. At 0.38 to 0.5 lb/acre, it provided 
excellent control of both the propanil-tolerant and -susceptible BYG bio-
types applied by itself either delayed preemergence or to 2-leaf grass or 
tank-mixed with Bolero, Prowl, Arrosolo or propanil. It still failed to 
control BST when applied alone but provided excellent control of this weed 
when tank-mixed or applied sequentially with Arrosolo, Bolero, Prowl or 
propanil. In heavier clay soils, applying the tank mixture delayed preemer-
gence followed by applications of standard herbicides before flooding pro-
vided more consistent grass control than applying Facet at the 2-leaf grass 
stage followed by the same herbicides before flooding. Similar to 1990 
studies, trials this year showed that applying Facet delayed preemergence or 
at the 2-leaf grass stage controlled grasses more efficiently than when it was 
applied preplant incorporated or preemergence. 
Weed Control with Experimentals 
Experimental herbicides consisting of formulated mixtures of Wham 
EZ + adjuvants or Wham EZ + Facet provided good control of BYG and 
BST. Adjuvants added to Wham EZ or Wham EZ + Facet seemed to 
increase activity against BST, a weed that is normally tolerant to Wham or 
Facet applied alone. BAS 9133 controlled broadleaf weeds including hemp 
sesbania, northern jointvetch, eclipta and palmleaf momingglory selectively 
in rice. 
Weed Control on Stale Seedbeds 
In stale seedbed studies, Roundup applied once early preplant provided 
excellent weed bumdown but inadequate residual weed control. Roundup 
applied delayed preemergence controlled most broadleaf weeds but failed to 
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provide adequate residual control of grasses. Best weed bumdown, excel-
lent residual grass and broadleaf weed control and high rice yields were 
obtained when Roundup was applied early preplant followed by a delayed 
preemergence application of Roundup tank-mixed with Facet, Rely or Bo-
lero, but initially Rely injured rice more than Facet or Bolero. Roundup 
tank-mixed with Buctril, 2,4-D or 2,4-DB provided excellent bumdown and 
control of grass and broadleaf weeds in stale-seedbed rice. 
Application Technology 
A new study was initiated this year to compare efficacy of Select or 
Assure applied with conventional boom nozzles (CBN) or air-assist nozzles 
(AAN) for control of BYG in soybeans. Select or Assure was applied with 
either CBN at a conventional spray volume (20 gpa) or with AAN at a low 
spray volume (0.5 gpa). The AAN treatments were applied with either 
water, water + AgriDex or oil (Orchex 796F) as carriers. Applied with 
CBN, Select provided good control of BYG at lX rate but not at l/2X rate. 
Applied with the AAN, Select applied in water with AgriDex controlled 
BYG about 80% when applied at l/2X to lX rates but not at lower rates. 
Select applied in water failed to control BYG at all rates. When oil was 
used as the carrier with the AAN application, only the lX rate of Select 
controlled BYG; lower rates (1/SX to l/2X) failed to control this weed. 
Plant Growth Regulator Research 
Release (gibberellic acid), a plant growth regulator that increases cell 
elongation, increased coleoptile elongation of 'Lemont', a semidwarf culti-
var, by two to three times. Enhancing coleoptile elongation of short-
statured rice cultivars would allow early crop emergence and herbicide 
treatment when rice is much larger than grasses to obtain better selectivity. 
In 1991, treatment of Lemont rice seeds with Release hastened and in-
creased seedling emergence by 100% over Release-untreated seeds. Prowl 
applied delayed preemergence controlled BYG selectively in Release-treated 
drill-seeded Lemont, while Ordram applied preplant incorporated failed to 
control BYG and injured Release-treated drill-seeded Lemont. 
SIGNIFICANCE OF FINDINGS 
Propanil tolerance of BYG from several farms in Poinsett County, 
Arkansas, has been confirmed in greenhouse and field studies, and treat-
ments that control this weed biotype have been identified. These treatments 
included tank mixtures of propanil with Prowl or Bolero, single applica-
tions of Whip, tank mixtures of Arrosolo with Prowl, Bolero or Ordram 
into the floodwater. Such treatments provide farmers with protection against 
propanil-tolerant BYG. 
Existing standard herbicide treatments of propanil, Prowl, Bolero, Whip 
and Arrosolo continued to provide good control of grasses. New herbicide 
treatments have also been studied, and their effective rates and times of 
application have been identified. For grass control, these included Facet at 
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0.38 lb/acre (lighter soils) to 0.5 lb/acre (heavier soils) applied delayed 
preemergence or at the 2-leaf stage of rice; Whip EW at 0.07 lb/acre 
applied preflood to 4-leaf rice; and Ordram at 3-4 lb/acre applied 1-3 weeks 
after flooding in either extruded starch or clay granular formulations. In-
ability of Facet to control BST by itself is remedied by tank-mixing it with 
standard grass herbicides. These new treatments expand growers' options 
as well as prevent continuous use of a single treatment that could lead to a 
buildup of weed tolerance. 
Dry or liquid flowable formulations of propanil were shown to be as 
effective as emulsifiable concentrate formulations, particularly when tank-
mixed with Bolero or Prowl. The time of application for the flowables may 
be more critical than for the emulsifiable concentrates. Adjuvants added to 
the flowables or tank-mixing with Facet may increase their activity against 
BST. 
Weed control in stale-seedbed or no-till rice was shown to be feasible 
with early preplant applications of Roundup followed by a delayed preemer-
gence application of Roundup tank-mixed with Bolero, Buctril or Facet. 
Use of plant growth regulators such as Release, a seed treatment that 
enhances seedling emergence of short-statured cultivars in direct-seeded 
rice, may increase herbicide selectivity to rice and widen the potential of 
soil-applied herbicides such as Prowl or Ordram, which are usually injuri-
ous to rice when applied preplant incorporated or preemergence. 
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ENVIRONMENTAL IMPLICATIONS OF 
PESTICIDES IN RICE PRODUCTION 
W.G. Johnson, T.L. Lavy, J.D. Matti~ B.W. Skulman, 
R.J. Smith Jr. and R.E. Talbert 
ABSTRACT 
Studies were conducted to determine the environmental persistence of 
the rice pesticides propanil, thiobencarb, molinate, triclopyr, 2,4-D, 
quinclorac and benomyl. Triclopyr persistence in soil increased as depth 
within the profile increased and clay content increased. The benomyl 
metabolite MBC was present at greater than SO% of the initial amount after 
9 months in the field. In simulated rice paddies the herbicides propanil, 
thiobencarb, 2,4-D, triclopyr and molinate dissipated to levels at or below 
detectability within 21 days after application in soil and water samples. In 
simulated carryover field studies, quinclorac exhibited the most phytotoxic-
ity to rotational crops. Cotton and soybean growth was reduced when 
planted at four weeks after quinclorac application. 
INTRODUCTION 
Arkansas rice growers have relied on man-made pesticides and fertiliz-
ers to achieve optimum yields. As a result, the persistence of these chemi-
cals is becoming a very important issue because of the uncertainty about the 
environmental effects of small amounts remaining in soil and water. Re-
cently pesticide use associated with rice production has aroused the suspi-
cions of regulators and concerned citi:zens, especially in California. There 
is no major pool of information from Arkansas that indicates that rice 
production is harmful to the environment. It is important, however, that 
the rice industry and other interested parties implement appropriate research 
to determine if environmental problems are being created by current pesti-
cide use patterns or if problems are likely to occur in the near future. 
The overall goal of this research is to monitor the environmental fate of 
rice pesticides in soil and water and to determine their potential to reach 
groundwater. Specific goals were to: 1) determine the amount of in-situ 
leaching and degradation of triclopyr. thiobencarb and benomyl at three 
depths in a rice soil profile, 2) determine the carryover potential of propanil, 
molinate, thiobencarb, triclopyr, 2,4-D and quinclorac to subsequent rota-
tional crops and 3) determine the persistence of propanil, thiobencarb, 
molinate, 2,4-D and triclopyr in simulated rice paddy soil and water. 
59 
A.RKANsAS EXPERIMENT STATION REsEARCH SERIES 422 
PROCEDURES 
In-Situ Dissipation ofTriclopyr, Thiobencarb and Benomyl 
An experiment was established at Stuttgart, Arkansas, in June 1990 to 
evaluate in-situ dissipation of the previously mentioned pesticides. Five 
soil pits were excavated to a depth of 6 ft. Immediately after pit excava-
tion, a battery-operated post-hole auger was used to fabricate the proper sii:e 
and location of the storage slots (Fig. 1). Slots were cut into vertical sides 
of soil pits; soil containers with moist soil treated with known pesticide 
concentrations were allowed to reside in the slots for periods of 0, 1, 3, 6, 
9 and 12 months. Degradation and leaching rates were compared using 
paired leaching and degradation samples at depths of 0 to 4, 6 to 10 and 22 
to 26 in. 
A 2- by 2.5-in. core of soil was collected at each depth from each pit. 
These cores were sealed and returned to the lab to determine the pH, 
percentage of organic matter, bulk density and particle sii:e distribution. 
Degradation and leaching information gained from these in-situ studies 
should provide insight regarding 1) the effect of soil depth on degradation 
rate and 2) the likelihood that, under field conditions, pesticides varying in 
chemical and physical properties will leach beyond normal rooting z.ones. 
Simulated Carryover of Six Rice Herbicides 
The experiment was conducted at Fayetteville, Arkansas, to evaluate 
the potential for rice herbicides to cause injury to cotton, grain sorghum, 
field com and soybeans that might follow in a rotation or replant situation. 
Propanil (12 lb/acre), thiobencarb (8 lb/acre), triclopyr (0. 75 lb/acre), 2,4-
D (3 lb/acre), molinate (10 lb/acre) and quinclorac (1 lb/acre) were applied 
to the soil and incorporated to a depth of 2 to 4 in. The rotational crops 
were planted into the treated area at 0, 1, 2, 4, 8 and 12 weeks after 
herbicide application. At four weeks after planting, plant heights were 
recorded to assess phytotoxicity. 
Paddy Persistence of Five Herbicides at Stuttgart and 
Rohwer, Arkansas 
Propanil and thiobencarb were applied at rates listed above to 2-leaf 
rice; 2,4-D, triclopyr and molinate were applied at rates listed below at PI 
into the flood. Each herbicide plot was separated by levees and had sepa-
rate water management. The Stuttgart study was established about 1 month 
earlier than the Rohwer experiment. Soil (0-3 in. and 3-6 in.) and water 
samples were taken at various intervals after application and analy7.ed by 
gas chromatography to quantify the amount of residue remaining. 
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RESULTS AND DISCUSSION 
In-Situ Dissipation ofTriclopyr, Thiobencarb and Benomyl 
The general soil data indicated that a slightly higher pH was present at 
the 6- to- 10-in. depth than elsewhere. The organic matter content was 
consistent at all three depths. Bulk density was greatest at 6 to 10 in., 
indicating the presence of a hardpan. The 22- to 26-in. soil contained 
higher amounts of clay, generally resulting in greater persistence of pesti-
. cides at this depth. Benomyl is normally quantified by measuring its degra-
dation products, mainly methyl-2-benzimidazole carbamate (MBC). Thus, 
the results are presented as the concentration of MBC remaining at each 
sample removal date (Table 1). In general, greater than 50% of the initial 
amount of MBC remained in soil samples at 9 months. Triclopyr was not 
detected in either of the containers at 0 to 4 in. after 9 months (Table 2) but 
was detected at 22 to 26 in. triclopyr at 12 months. Thiobencarb dissipated 
more rapidly at the 0- to 4-in. and 6- to 10-in. depth than at the 22- to 26-
in. depth (Table 3). 
Simulated Carryover of Propanil, Thiobencarb, 
Triclopyr, 2,4-D, Molinate and Quinclorac 
Grain sorghum growth was inhibited by all herbicides except propanil 
when planted immediately after herbicide application (data not shown). 
However, at 1 week after application, thiobencarb is the only herbicide to 
cause a significant reduction in height. Field com growth was reduced at 0 
and 1 week after application of quinclorac and molinate. The other herbi-
cides did not reduce com growth. Soybean growth was reduced at 0 week 
by quinclorac, molinate, propanil, 2,4-D and triclopyr and at 1 and 2 weeks 
after application by triclopyr and quinclorac. Quinclorac also reduced 
soybean growth at 4 weeks after application. Cotton growth was reduced at 
all planting dates by quinclorac, indicating cotton's sensitivity to quinclorac. 
Molinate and thiobencarb reduced cotton growth at 0 and 1 week after 
application. 2,4-D reduced cotton growth at time 0. 
Paddy Persistence of Five Rice Herbicides 
Propanil in soil dissipated to levels at or below our levels of sensitivity 
in soil by 7 days after application (Fig. 1). Thiobencarb in soil was not 
detected beyond 35 days after application (Fig. 1). Propanil and thiobencarb 
were not detected on water samples. A misapplication of molinate was 
made at the Rohwer location; therefore, data are not reported. Molinate 
concentrations in soil were near lower limits of detection by 35 days after 
application (Fig. 2). Triclopyr and 2,4-D were not detected in soil samples. 
Molinate, 2,4-D and triclopyr dissipated in paddy water within 21 days 
after application (Fig. 2). 
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SIGNIFICANCE OF FINDINGS 
Our studies indicate that triclopyr in soil dissipates rapidly in the field 
when stored in pits at O to 4 and 6 to 10 in. Triclopyr was more persistent 
at 22 to 26 in. However, these data indicate that the probability of triclopyr 
actually reaching this depth in a typical rice field is low based on the rate of 
dissipation at the upper levels. Benomyl and thiobencarb were more persis-
tent than triclopyr in the in-situ study and also were more persistent at the 
22- to 26-in. depth. In the paddy persistence study, all herbicides dissi-
pated to levels near limits of sensitivity by 25 days after application in soil 
and water samples. In general, none of the rice herbicides evaluated in the 
simulated carryover study should present carryover problems to subsequent 
rotational crops in the year following rice production. 
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Table 1. Concentration of benomyt metabolite (MBC) recovered 
from the In-situ pesticide dissipation study. 
Months of incubation 
Container Depth 0 3 6 9 12 
in. (ppm) 
leaching 0-4 1.47 1.86 1.76 0.79 0.90 0.30 
degradation 0-4 1.41 1.92 2.09 1.29 1.31 0.40 
leaching 6 · 10 2.42 1.41 1.78 1.98 1.73 0.80 
degradation 6-10 2.27 1.69 1.65 2.73 2.05 1.11 
leaching 22-26 2.93 2.26 1.79 1.98 2.14 1.46 
degradation 22-26 3.11 3.27 2.59 1.87 1.80 1.51 
Table 2. Concentration of trlclopyr recovered from the In-situ 
pesticide dissipation study. 
Months of incubation 
Container Depth 0 3 6 9 12 
in. (ppm) 
leaching 0-4 2.02 0.03 0.07 0.01 0.00 0.00 
degradation 0-4 1.56 0.31 0.03 0.01 0.00 0.00 
leaching 6- 10 2.96 0.19 0.03 0.00 0.00 o.oo 
degradation 6 · 10 2.77 0.55 0.03 0.05 0.06 0.00 
leaching 22-26 2.50 0.70 0.38 0.21 0.15 0.06 
degradation 22-26 2.48 2.00 1.25 1.56 0.94 0.78 
Table 3. Concentration of thlobencarb recovered from the In-situ 
pesticide dissipation study. 
Months of incubation 
Container Depth 0 3 6 9 12 
in. (ppm) 
leaching 0-4 0.61 0.49 0.08 0.04 0.06 0.04 
degradation 0-4 0.57 0.57 0.47 0.30 0.38 0.02 
leaching 6 • 10 1.04 0.46 0.32 0.16 0.23 0.07 
degradation 6- 10 0.84 0.27 0.36 0.22 0.28 0.09 
leaching 22-26 1.21 1.01 0.49 0.44 0.44 0.37 
degradation 22-26 1.53 1.57 0.51 0.69 0.48 0.50 
64 
RESPONSE OF RICE FOLLOWING HERBICIDES 
USED ON CORN, COTTON, GRAIN SORGHUM 
AND SOYBEANS 
R.E. Talbert, D.H. Johmon, R.J. Smith, C.B. Guy, J.D. Beaty, T.L. 
Lavy, D.K. Horton and J.D. Mattice 
ABSTRACT 
The carryover potential of several herbicides from rotational crops to 
rice was studied from 1989 to 1991 at four eastern Arkansas locations. Ten 
herbicides were applied preplant-incorporated prior to seeding of soybeans, 
grain sorghum or cotton. Rice was seeded into the plots the following year. 
Zorial gave the highest rice injury, especially on clay soils, but did not 
significantly reduce yield. Atrazine in one year and one location caused 
significant rough rice yield reduction. Scepter, Pursuit, Canopy, Com-
mand, Lasso, Dual, Treflan and Cotoran did not cause significant rice yield 
reduction or decrease head rice yield. Canopy applied to August-planted 
soybeans caused significant injury at one location. However, this injury did 
not cause yield reduction. Analysis of herbicide residues at the time of rice 
seeding showed levels below the threshold for rice injury except for Zorial. 
INTRODUCTION 
Rice is usually grown in Arkansas in rotation with other crops. It is 
important that the herbicides used in the rotational crops not persist in the 
soil to injure rice seeded the next year. It is possible that residues of 
persistent herbicides may injure rice, causing decreased or delayed emer-
gence, decreased growth, delayed maturity and yield and quality reductions. 
In the latter half of the 1980s, several new herbicides were labelled for use 
in soybeans, the crop most commonly grown in rotation with rice. For the 
past three years we have studied the potential for carryover of 10 herbicides 
widely used in the eastern Arkansas region in soybeans, cotton and grain 
sorghum. These herbicides were imaz.aquin (Scepter), imazethapyr (Pur-
suit), chlorimuron (Canopy, Classic), clomazone (Command), alachlor 
(Lasso), metolachlor (Dual), trifluralin (Treflan, Trilin), atrazine (Aatrex, 
others), fluometuron (Cotoran, Meturon) and norflurazon (Zorial). 
The objectives of this study were: 
1. To determine the effect of possible carryover from herbicides used 
on com, cotton, grain sorghum and soybeans on rice stand, growth 
and yield. 
2. To quantify residue levels in fields from rotational crop herbicides 
at the time of rice planting. 
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3. To determine the residue thresholds on rice of persistent herbicides 
in selected Arkansas soils. 
4. To determine soil, environmental and time factors affecting potential 
injury to rice from herbicide carryover. 
PROCEDURES 
Experiments were conducted on silt loam soils at the Rice Research and 
Extension Center (RREC) at Stuttgart, Arkansas, and the Pine Tree Experi-
ment Station (PTES) at Colt, Arkansas, and on clay soils at the Northeast 
Research and Extension Center (NEREC) at Keiser, Arkansas, and the 
Southeast Branch Experiment Station (SEBES) at Rohwer, Arkansas. Plots 
were treated with normal-use rates (adjusted for soil type) of each of the 
herbicides except Lasso and Dual, where increased rates recommended for 
red rice control in soybeans were used. The herbicides were incorporated, 
and soybeans, cotton or grain sorghum were planted. Untreated control 
plots were also included. Plots were established in late May or June in 
1989 and on separate areas in 1990 for all locations except SEBES in 1989, 
where the plots were established in August due to wet fields. Soybeans and 
grain sorghum were grown at all locations, and cotton was grown at NEREC 
only. Zorial was applied to soybeans at RREC, PTES and SEBES and to 
cotton at NEREC. The rotational crops were taken to yield (except at 
SEBES in 1989) and managed using normal practices. Nonpersistent herbi-
cides were used for general weed control. The plots were irrigated at 
RREC and PTES. 
Rice was planted into the plots in May of 1990 (plots sprayed in 1989) 
and 1991 (plots sprayed in 1990). 'Newbonnet' was used at RREC and 
PTES, 'Tebonnet' at NEREC and 'Lemont' at SEBES. A total stand failure 
at SEBES, including control plots, resulted in replanting of 'Alan'. Due to 
a second stand failure, the 1991 experiment at SEBES was abandoned. The 
rice in all experiments was managed according to DD50 recommendations 
for water management, fertility and pest control. The rice plots were rated 
for percentage of injury and plant samples taken for growth analysis several 
times during the season. Plots were harvested with a small-plot combine, 
and rough rice and bead rice yield were determined. Soil samples were 
taken at various times after herbicide spraying and at the time of rice 
planting to monitor herbicide degradation during the year. 
RESULTS 
Table 1 shows the average early-season rice injury from residues of the 
herbicides. Zorial residues caused the highest injury, especially on the clay 
soils. This injury was bleaching of rice foliage that could be observed on 
the plants until harvest. Rice yield was not affected (Table 2), although 
maturity appeared to be delayed. Slight injury from Zorial was also ob-
served at PTES in 1991, but the rice outgrew the injury within six weeks. 
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Canopy residues caused high injury at SEBES in 1990 (Table 1). How-
ever, these plots were treated the previous August, and the herbicide had 
less time for breakdown (two months less) than at the other locations. 
Injury from Canopy was not observed at the other locations that were 
treated and planted at normal soybean planting times. June and July (the 
months lost) would be important for breakdown to occur due to warmer 
temperatures and the presence of the soybean crop for the entire season. 
Canopy injury was mostly stand reduction, and the surviving rice plants 
were able to tiller; final yield was not reduced (Table 2). 
Cotoran also caused observable injury at NEREC in 1990 (Table 1). 
This injury was expressed as transient leaf tip bum, and the rice plants 
quickly outgrew it with no growth reduction or yield loss (Table 2). There 
was only one incidence of significant rough rice yield reduction. Residues 
of atrazine caused significant yield loss (15%) at Stuttgart in 1990 (Table 
2). There was no significant injury observed in the atrazine plots during the 
season. This was not observed at Stuttgart in 1991 or at any other location 
in either year. None of the herbicides caused a reduction in percent head 
rice yield (Table 2). Thus, it appears that rice can outgrow early-season 
injury without affecting yield and quality and, except for the one incidence 
of atrazine causing yield reduction with no injury symptoms, there were no 
hidden rice losses associated with soil residues of these herbicides. 
Analysis of soil samples shows that the herbicides degraded from the 
soil fairly rapidly, especially during the first 12 weeks after application 
(data not shown). 
SIGNIFICANCE OF FINDINGS 
Our results indicate that there is a low potential for carryover problems 
to rice from normal-use rates of several herbicides used in crops grown in 
rotation with rice. Most of the herbicides did not cause any observable 
injury, growth reduction and yield or quality loss. Rice appears to have the 
ability to outgrow early-season injury symptoms when enough rice stand 
remains for tillering to provide full yield potential. The herbicide with the 
greatest carryover potential is Zorial, especially on clay soils. 
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Table 1. Average percentage of earty-aeaaon rice Injury 
from residues of rotational crop herbicides. 
RREC1 PTES NEREC SEBES2 
Herbicide 1990 1991 1990 1991 1990 1991 1990 
Atrazine 0 0 0 0 5 0 0 
Scepter 0 0 0 0 0 0 0 
Canopy 0 0 0 0 0 0 58 
Pursuit 0 0 0 0 5 0 0 
Dual 0 0 0 0 0 0 0 
Treflan 0 0 0 0 0 0 0 
Command 0 0 0 0 0 0 0 
Lasso 0 0 0 0 5 0 0 
Zorial 0 0 0 20 36 48 57 
Cotoran3 24 5 
1RREC=Rice Research and Extension Center, Stuttgart, Arkansas; PTES=Pine Tree 
Experiment Station, Colt, Arkansas; NEREC=Northeast Research and Extension Center, 
Keiser, Arkansas; SEBES= Southeast Branch Experiment Station, Rohwer, Arkansas. 
2Experiment at SEBES abandoned in 1991 due to stand loss. 
3Cotoran applied at NEREC only. 
Table 2. Rough and percent head rice yield for Nlldues of rolatlonal crop herblc:ldea.1 
RREC2 PTES NEREC SEBES3 
Herbicide 1990 1991 1990 1991 1990 1991 1990 
Atrazine 6357(58) 6804(64) 7022(58) 5206(60) 5734(58) 6763(61) 6465(31) 
Scepter 7384(62) 7084(64) 7091(59) 6246(60) 5737(60) 8278(62) 6470(30) 
Canopy 7223(61) 7378(64) 7207(60) 6356(61) 6644(59) 7749(62) 4960(28) 
Pursuit 7821(63) 7015(65) 6732(60) 5534(61) 6527(61) 7540(61) 6369(32) 
Dual 8185(63) 7530(64) 6979(60) 5965(61) 6502(61) 7663(61) 5946(26) 
Treflan 7962(62) 7059(64) 7362(60) 6239(61) 6184(59) 7830(61) 5969(26) 
Command 7970(62) 7299(65) 7473(60) 6386(61) 4862(60) 7504(61) 5856(29) 
Lasso 7695(63) 7568(65) 7048(60) 5660(61) 4362(59) 7198(59) 6471(29) 
Zorial 7295(60) 6742(64) 7087(61) 5714(61) 5267(60) 7169(57) 5937(30) 
Cotoran4 6655(60) 7827(61) -
Control 7449(61) 7225(65) 7321(60) 5633(61) 5711(60) 6477(61) 5839(29) 
LSD (0.05) 861 (NS) NS(NS) NS(NS) NS(NS) NS (NS) NS(NS) NS(NS) 
1Yield in lb/acre. Numbers in parentheses are percent head rice. 
2RREC=Rice Research and Extension Center, Stuttgart, Arkansas; PTES=Pine Tree 
Experiment Station, Colt, Arkansas; NEREC= Northeast Research and Extension Center, 
Keiser, Arkansas; SEBES=Southeast Branch Experiment Station, Rohwer, Arkansas. 
3Experiment at SEBES in 1991 abandoned due to stand loss. 
4Cotoran applied at NEREC only. 
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RICE CULTIVAR RESPONSE TO RICE 
HERBICIDES AND SIMULATED RICE 
HERBICIDE DRIFT TO SENSITIVE CROPS 
Charlie B. Guy, Roy J. Smith, Jr., Ronnie S. Helms 
and Aurora M. Baltuar 
ABSTRACT 
Extensive field tests have been conducted at the Southeast Branch Ex-
periment Station at Rohwer, Arkansas; the Rice Research and Extension 
Center at Stuttgart, Arkansas; and in producer fields over the past two years 
to satisfy the following objectives: 1) evaluate the response of new and 
potential new rice cultivars to existing and new rice herbicides and 2) 
evaluate cotton response to drift rates of rice herbicides. Of the eight 
herbicides tested, fenoxaprop (Whip) and molinate (Ordram and Arrosolo) 
have caused significant injury on some rice cultivars. 'Mars' was most 
sensitive to Whip compared to other cultivars. 'Orion', a Mars x 'Brazos' 
cross, was not as sensitive as Mars. 'Alan' was shown to be sensitive to 
Whip in two tests. Rice cultivar response to Ordram and Arrosolo indicated 
that 'Millie' was more sensitive than L201, a parent of several new cultivars 
with known sensitivity to molinate. Alan was the next most sensitive, 
followed by 'Rosemont', 'Jackson' and 'Maybelle'. Ten cultivars have 
been compared for sensitivity to triclopyr (Rely/Grandstand). No differ-
ences were found; however, injury and yield reductions were noted with 
Rely applied at various growth stages. Quinclorac (Facet) at 2X the recom-
mended rate indicated that Katy and Alan may be sensitive to this herbicide. 
Bensulfuron (Londax) did not cause significant injury to five rice cultivars. 
Bromoxynil (Buctril) was applied to eight cultivars with no differences 
observed. 
Several rice herbicides caused significant cotton injury at drift rates. 
Facet and Rely resulted in injury that looked like 2,4-D damage, although 
neither herbicide was as phytotoxic as 2,4-D at very low rates. Facet 
resulted in greater injury than Rely at drift rates. Londax caused little 
injury at drift and higher rates. Buctril caused severe cotton injury at low 
rates applied to young cotton. Herbicides that caused injury gave a greater 
cotton yield reduction when they were applied at fruiting growth stages 
compared to early vegetative stages. 
INTRODUCTION 
New potential rice cultivars require systematic testing in field experi-
ments to determine their response to selected standard and new herbicides 
before the new cultivars are released to producers. There is concern that a 
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new rice cultivar will be released that will be highly susceptible to a specific 
herbicide. This happened in California with L201, which is susceptible to 
molinate (Ordram and Arrosolo). 
Several new herbicides are in different stages of development for use in 
rice. These include quinclorac (Facet), triclopyr (Rely), bensulfuron (Londax) 
and bromoxynil (Buctril) as well as fenoxaprop (Whip), a herbicide already 
labeled for rice. Other experimental herbicides are being evaluated for use 
in rice. Therefore, experiments need to be conducted to determine the 
effects of standard and new herbicides on standard and new cultivars as well 
as advanced lines that are close to release. 
The recently released cultivars Alan, Maybelle, Jackson, Millie and 
Rosemont all have L201 as a parent. These cultivars had not been screened 
for tolerance to Ordram and Arrosolo, herbicides to which L201 is known 
to be sensitive. In 1989 and 1990 injury to the aforementioned cultivars 
was observed in breeding, fertiliz.ation and herbicide trials. A growth 
chamber test confirmed the field observations. Field tests were needed to 
further define the injury and determine recommendations to be included in 
the 1992 weed control guide (Baldwin et al., 1992). 
A problem unique to rice production in Arkansas is the close proximity 
of rice herbicide-sensitive crops, especially cotton. Most rice producers and 
aerial applicators try to use caution when applying rice herbicides near 
cotton. This often means delayed application, which can result in poor 
weed control. Because the use of 2,4-D is restricted and growers fear drift 
to cotton, many black-seeded broadleaf weeds are not treated. Unfortu-
nately, some of the new rice herbicides such as Facet and Rely have the 
potential to damage cotton. Field tests are needed to define which rice 
herbicides have potential to injure cotton at drift rates. Data from these 
tests can then be used by the State Plant Board for developing application 
restrictions. 
PROCEDURES 
To evaluate rice cultivar response to rice herbicides, replicated field 
experiments were conducted at the University of Arkansas Southeast Branch 
Experiment Station, Rohwer, Arkansas (SEBES); the Rice Research and 
Extension Center, Stuttgart, Arkansas (RREC); and producer fields. Rice 
cultivars tested were Alan, Jackson, 'Katy', L201, L202, 'Lemont', Mars, 
Maybelle, Millie, 'Newbonnet', Orion, Rosemont and 'Tebonnet'. Arrosolo, 
Buctril, Facet, Londax, Ordram, Rely and Whip rice herbicides were ap-
plied at IX and 2X the recommended rate at various growth stages. Rice 
cultivar response was evaluated with stand counts, visual injury, yield and 
milling quality. 
To evaluate cotton tolerance to drift rates of rice herbicides, replicated 
field experiments were conducted at SEBES. Cotton was treated with Buctril, 
Facet, Londax, Rely, Round-up (glyphosate) and 2,4-D, at IX, 1/2X, 1/l0X 
and 1/lOOX the recommended rate at various growth stages. Cotton response 
was evaluated for plant height, visual injury, yield and fiber quality. 
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RESULTS AND DISCUSSION 
Seven rice cultivars were evaluated for tolerance to molinate as liquid 
Ordram applied preplant incorporated (PPI), Arrosolo applied postemergence 
(POST) and Ordram granular applied post-flood (POSTFD). Ordram ap-
plied PPI caused the most injury. Injury was greater on silt loam than on 
clay. Millie was the only cultivar that had reduced yield from 4 lb ai/acre 
Ordram applied PPI on a Perry clay. Rough rice yield was reduced 1076 
lb/acre. On a Crowley silt loam, Ordram PPI at 4 lb ai/acre significantly 
reduced rough rice yields of Millie and L201, 4456 and 2588 lb/acre, 
respectively. Arrosolo at 6 lb ai/acre applied POST to 2-leaf followed by 
4-leaf rice growth stages did not cause visual injury until the flood was 
established. Millie was injured the most by Arrosolo followed by L201, 
Alan, Maybelle, Jackson, Rosemont and Tebonnet in decreasing order. 
Injury to Millie was rated as 18 % two weeks after treatment (2 WAT) and 
38% 4 WAT. L201 and Alan injury from Arrosolo was rated 24 and 15 % 
at 2 WAT and 4 WAT, respectively. Rice yield was not significantly 
reduced by Arrosolo applied to these seven cultivars. However, combina-
tions of Arrosolo followed by Ordram POSTFD at 6 followed by 5 lb ai/ 
acre significantly reduced rough rice yields of Millie, L201 and Alan. 
Ordram applied POSTFD caused greater yield reductions when applied at 
panicle differentiation compared to applications made one week after flood 
establishment. Ordram at 5 lb ai/acre applied POSTFD reduced yield of 
Millie, L201, Alan and Rosemont in some but not all tests. 
Ten rice cultivars were tested in 1990 and 1991 for response to Rely. 
When Rely was applied at lX and 2X the recommended rate, visual injury 
from Rely included stunting, upright growth, discoloration, tiller curvature 
and changes in flag leaf orientation. When application was made within the 
labeled interval ( 4 leaf to panicle differentiation) yields were reduced 0 to 
18 % when averaged over two years. No differences were found in cultivar 
sensitivity. When Rely was applied at panicle differentiation plus seven 
days, yields were reduced 6 to 28 % ; when Rely was applied at booting, 
yields were reduced 17 to 39 % . 
Response of ten rice cultivars to Whip was evaluated in 1990 and 1991. 
Post-flood applications caused greater injury than pre-flood application, 
regardless of cultivar. One to two times the recommended rate applied pre-
flood reduced yields Oto 18%. Post-flood applications reduced yields Oto 
51 % . Mars was the most sensitive of the cultivars tested. One and two 
times the full rate reduced the rough rice yield of Mars 34 and 57 % , 
respectively, when applied at mid-tillering. Orion yields were reduced 25 
and 48%, and Alan yields were reduced 16 and 35% from mid-tiller appli-
cations at IX and 2X the full rate, respectively. Maybelle, Millie, Newbonnet 
and Tebonnet had similar yield reductions from Whip applied post-flood. 
Lemont appeared to be the most tolerant to Whip applied post-flood. Mid-
tiller applications at IX and 2X the full rate reduced yield only 4 and 5 % , 
respectively. 
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Five cultivars were tested for tolerance to Facet in 1990 and 1991. Preemer-
gence applications injured Katy, Alan, Millie, Newboonet and Orion moder-
ately at 0.38 lb ai/acre and severely at 0.75 lb ai/acre (2X the labeled rate). 
Katy, Alan and Newbonnet were injured the most, and injury persisted 6e$0n 
long. Applications at the 3-leaf, mid-tillering and panicle initiation stages at 
both rates initially injured all cultivars slightly, but they recovered and yielded 
as well as untreated plants. 
Five cultivars were tested for tolerance to Londax in 1990 and 1991. 
Katy, Alan, Millie, Newbonnet and Orion were treated with 1 oz ai/acre and 2 
oz ai/acre at mid-tillering, panicle initiation and booting stages of rice. All 
treatments initially slightly stunted the growth of all cultivars. However, all 
cultivars recovered fully and yielded as well as untreated plants. 
Cotton response to drift rates of Rely, Facet, Londax, Roundup and 2,4-D 
was evaluated in 1990 and 1991. Rely at 1/l0X and 1/lOOX the full rate did 
not significantly reduce cotton yield when applied to one-true-leaf cotton. 
When cotton was treated at early fruiting, yields were reduced by the 1/lOX 
but not by the 1/lOOX rate. Rely injury sympto~ were similar to those of 
2,4-D. Facet also caused visual injury similar to that of 2,4-D. Facet injury 
was more severe than Rely injury, and cotton yield was reduced more when 
application was made at the early fiuiting growth stage. Neither Rely nor 
Facet reduced cotton yield as much as 2,4-D did. Londax iajury to cotton was 
slight at drift and full rates. Londax injury was noted as slight yellowing that 
was quickly outgrown. Roundup reduced cotton yield at the 1/l0X rate when 
applied at the first true leaf but not when applied at the early fiuiting growth 
stage. ROWldup injury was observed as stunting and yellowing of the cotton 
foliage. Maturity was delayed by many of the herbicides even though yields 
were not reduced. 
SIGNIFICANT FINDINGS 
From these data concerning rice tolerance to molinate the following rec-
ommendations were added to the 1992 MP-44, Arkansas' weed control guide: 
1. ORDRAM SEC PPI - Do not apply to Millie. Preliminary data 
indicate injury and stand loss can occur when Ordram is applied PPI 
to Alan, Jackson, Maybelle or Rosemont. 
2. ARROSOLO 6EC POST - Do not apply to Millie. Do not apply 
more than 3 lb/acre active molinate per season as 1 gallon of Arrosolo 
early (2-3 leaf) or 20 lb of 15G Ordram to Alan. 
3. ORDRAM 15 G POST-FLOOD - Do not apply to Millie. Do not 
apply more than 27 lb to Maybelle, Jackson or Rosemont. Do not 
apply to Alan if Arrosolo was used earlier. Do not apply more than 
20 lb to Alan. Ordram should be applied to the above varieties within 
10 days after permanent flood is established. 
LITERATURE CITED 
1. Baldwin, F.L, J.W. Boyd and C.B. Guy. 1992. Recommended chemicals 
for weed and brush control. Univ. of Arlc. Coop. Ext. Ser. Misc. Pub. 44. 
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MANAGEMENT OF AGRONOMIC FACTORS 
IN RICE PRODUCTION 
R.J. Norman, B.R. Wells, J.T. Gihnour and R.S. Hehm 
ABSTRACT 
The variety x nitrogen (N) fertilizer response study indicated that the 
new semidwarf varieties, 'Delmont', 'Rosemont' and 'Lacassine', required 
at least 150 lb N/acre to reach maximum grain yields at three of the four 
locations at which the study was conducted. 'Orion', the new medium 
grain, obtained maximum grain yield with 120 to 150 lb N/acre. A study 
was conducted to determine the influence of time between urea application 
and flooding, as well as soil moisture at time of urea application, on N 
uptake and grain yield of rice. This study found that no significant yield 
reduction was measured when the flood was delayed 10 days after urea 
application on a dry soil and for five days after application on a muddy soil. 
Grain yields were always superior when urea was applied on a dry soil 
compared to a muddy soil; both of these were superior to urea application 
into the floodwater. Research into the development of a chemical method 
for estimation of soil N release found that none of the currently available 
methods are adequate. However, the methods evaluated have some poten-
tial. 
INTRODUCTION 
The influence of nitrogen (N) from fertilizers, crop residues and soils 
on rice production is the central focus of this project. One of the continu-
ing strengths of the rice-soil fertility research project has been the delinea-
tion of N fertilizer response curves for promising new rice selections. This 
continuing study is conducted over four locations each year to allow the 
evaluation of the N responses of the new rice varieties across an array of 
soils and climatic conditions existing in Arkansas. 
In past years, untimely rains at the preflood N application time have 
left the soil saturated, and producers have questioned what to do in this 
situation. Questions that need to be answered are how much of the urea-N 
applied onto dry and saturated soil surfaces is lost and how long after the 
urea is applied a producer can wait to get a flood across the field without 
excessive N loss. 
The N released from the soil to a growing crop varies within and 
between soil series. This variation can range from Oto 100 lb N/acre. To 
more accurately recommend the amount of N required by a rice variety to 
produce a maximum yield, we must be able to predict the amount of N 
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released by a given soil over the growing season. Because there has been 
some success with chemical extracts for predicting N availability and be-
cause a test is greatly needed to make N fertilizer rates more accurate, an 
investigation into a chemical soil test for available N should be pursued. 
PROCEDURES 
Fertilizer N response curves were developed utilizing the conventional 
three-way split application method (i.e. preflood, 1/2-in. I.E. and 1/2-in. 
I.E. + 10 days). Fertilizer N rates ranged from 0 to 180 lb N/acre in six 
increment steps. The study was conducted at four locations: Rice Research 
and Extension Center, Stuttgart, Arkansas (RREC), Crowley silt loam; 
Northeast Research and Extension Center, Keiser, Arkansas (NEREC), 
Sharkey clay; Pine Tree Experiment Station, Colt, Arkansas (PTES), 
Calloway silt loam; and Southeast Branch Experiment Station, Rohwer, 
Arkansas (SEBES), Perry clay. A randomized complete block experimental 
design with six replications per treatment was utilized. Measurement pa-
rameters were grain yield, heading dates, plant height and lodging. 
Investigation of how much urea is lost prior to flooding when applied 
on dry and muddy soil was conducted at RREC on a Crowley silt loam soil. 
Preflood N treatments consisted of applying !SN-labeled urea on dry and 
muddy soil 0, 5 and 10 days prior to flooding. Measurement parameters 
included soil N, ammonia volatilized, total plant N, grain and total dry 
matter yield and uN in all N fractions. 
Development of a chemical soil test for determining native soil N 
mineralized involved soil sampling approximately 20 different commercial 
rice fields in the springs of 1990 and 1991. These soil samples were 
incubated anaerobically for 21 days and the amount of N mineralized deter-
mine. The soils were then extracted with 1.0 M HCl at solution to soil 
ratios ranging from 5:1 to 1:1. Also, comparisons were made between 
distillation of the entire sample versus centrifugation and distillation of the 
supernatant. Extraction with acid KMnO4, acid K:zCrp7 and oxalic acid 
were also evaluated in the same manner as the 1.0 M HCI to compare 
different oxidizing reagents. In the field we compared the amount of N 
chemically extracted from a soil to the amount of soil N taken up by a rice 
crop. Grain yield, total dry matter yield and total N uptake were deter-
mined from the field study. 
RESULTS AND DISCUSSION 
Grain yield response of the new rice cultivars to different nitrogen 
fertilizer rates at each of the locations is shown in Tables 1-4. Delmont 
grain yields peaked at 150 lb N/acre at NEREC, RREC and SEBES (Table 
1). Only 120 lb N/acre was required for Delmont to reach maximum grain 
yield at PTES. 
Lacassine, a semidwarf like Delmont, had grain yield increases at each 
of the locations somewhat similar to those for Delmont for a given rate of N 
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applied (Table 2). Lacassine showed no significant grain yield increase 
when more than 150 lb N/acre was applied at NEREC and SEBES. While 
grain yield increases through 180 lb N/acre were found at RREC, Lacassine 
reached a maximum grain yield when 120 lb N/acre was applied at PTES. 
Rosemont, another semidwarf, reacted at each of the locations similar 
to the other semidwarfs studied (Table 3). Rosemont reached maximum 
grain yield when 150 lb N/acre was applied at NEREC, RREC and SEBES. 
Rosemont showed no significant grain yield increase when more than 90 lb 
N/acre was applied at PTES. 
All of the semidwarfs studied required 150 lb N/acre or more to reach 
maximum grain yield at three of the four locations. Semidwarfs studied in 
the past have required 150 to 210 lb N/acre to reach maximum grain yield. 
These new semidwarfs appear to be similar to the earlier-released semid-
warfs in the N rate required to reach maximum yield potential. Grain yield 
potentials of the new semidwarfs appear to also be in the range of the 
earlier-released semidwarfs. One more year of research will be performed 
on these new semidwarfs to determine their proper N fertiliz.er rate and 
yield potential. 
Orion was the only medium grain rice cultivar studied and the only rice 
cultivar studied in 1991 that was in its second year of the study (Table 4). 
Orion showed no significant grain yield increases when more than 150 lb 
N/acre was applied at NEREC in 1991, SEBES in 1990 and 1991 and 
RREC and PTES in 1991. No significant grain yield increase was found 
for Orion when more than 120 lb N/acre was applied in 1990 at RREC and 
NEREC. From these data it appears that Orion can obtain a maximum 
grain yield in Arkansas when 120 to 150 lb N/acre is applied. Due to the 
height of Orion, no more than 150 lb N/acre should be applied. 
Shown in Table 5 are the grain yields, total dry matter yields and 
recovery of 15N-labeled urea when urea was applied on a muddy and dry 
soil surface at various times prior to flooding. Application of the urea into 
the floodwater resulted in the lowest yields, lowest N uptakes and highest 
ammonia volatilization losses of all treatments studied. Application of the 
urea . onto dry soil resulted in higher fertiliz.er N uptake as well as grain 
yield compared to application on a muddy soil. In addition, there was less 
urea lost by ammonia volatilization when urea was applied on a dry soil 
surface. Fertilizer N uptake was generally increased and volatilization 
losses decreased the shorter the time between urea application and flood, 
but this did not result in significantly higher rice grain yields. However, 
there was a trend towards higher yields with the shorter time intervals 
between urea application and flood date. 
Development of the chemical soil test for predicting N availability in 
rice began by comparing chemical extraction techniques to the incubation 
techniques. Each of the extractants resulted in a good relationship with the 
incubation procedure. Since the anaerobic incubation is currently reported 
to be the most reliable indicator of seasonal N availability, it was thought 
that a relationship between a chemical method and the incubation should 
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provide a first approximation of a method that would predict N uptake by 
the unfertilized rice. Extraction with acid K.MnO
4 
and HCl were two of the 
better methods evaluated. The acid K.MnO
4 
extraction (3:1, total sample) 
bad a significant relationship with NH
4 
+ -N after anaerobic incubation for 7 
days (r2 = 0.72) and 14 days (r2 = 0.83). The HCl extraction (3:1, total 
sample) was also related to NH
4 
+_N after anaerobic incubation for 7 days (r2 
= 0. 74) and 14 days (r2 = 0.82). More N was extracted when the total 
sample was distilled compared to when the supernatant was distilled for all 
extractants evaluated. It is thought that additional hydrolysis is occurring 
during distillation of the total sample due to the NaOH present. 
Although several of the chemical methods were significantly correlated 
with anaerobic incubation, none of the methods adequately predicted N 
uptake by rice in unfertilized rice field tests. Even the recommended 
anaerobic incubation technique did not adequately predict N uptake in the 
field. Although some of the methods evaluated have potential, none of the 
current methods bas the confidence level needed for recommendation. A 
method, chemical or biological, is still needed for estimation of native soil 
N released to paddy rice grown on Arkansas silt loam soils. 
SIGNIFICANCE OF FINDINGS 
The three new semidwarf releases, Delmont, Rosemont and Lacassine, 
required 150 lb N/acre to reach maximum grain yields at three of the four 
locations. Orion, the new medium grain, required 120 to 150 lb N/acre to 
reach maximum grain yield at the four locations in two years of testing. A 
separate study found that urea applied to a dry soil should have a flood 
applied within 10 days and urea applied on a muddy soil should be flooded 
within 5 days. Urea applied to a dry soil always out yielded urea applied to 
a muddy soil. Urea applied to a flooded soil had the lowest yields. 
Investigation into the development of a chemical soil test for native soil N 
release found the chemical and incubation methods tested did not accurately 
predict the N released in the field. Further research will continue on 
chemical methods that show potential. 
Table 1. Grain yield of 'Delmonf rice as Influenced by nitrogen fertilizer rate. 
Grain ~•Id bl£ location 
N rate NEREC1 PTES RREC SEBES 
lb N/acre b/acr 
0 2926 4060 2935 2146 
60 4881 6107 3872 3085 
90 5713 6291 5283 3894 
120 7060 7368 6101 5902 
150 7954 7619 6885 6783 
180 8575 7598 7626 6995 
LSD0.05 732 542 789 755 
1NEREC=Northeast Research and Extension Center, Keiser, Arkansas; PTES=Pine Tree 
Experiment Station, Colt, Arkansas; RREC=Rice Research and Extension Center, 
Stuttgart, Arkansas; SEBES=Southeast Branch Experiment Station, Rohwer, Arkansas. 
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Grain yield by location 
PTES RREC SEBES 
b/acr 
3731 3241 1980 
5820 3974 2985 
5959 4819 5142 
7023 5709 6092 
7316 7060 7632 
7475 7996 7763 
1215 533 847 
1 NEREC= Northeast Research and Extension Center, Keiser, Arkansas; PTES= Pine Tree 
Experiment Station, Colt, Arkansas; RREC=Rice Research and Extension Center, 
Stuttgart, Arkansas; SEBES=Southeast Branch Experiment Station, Rohwer, Arkansas. 


















Grain yield by location 
PTES RREC SEBES 
b/acr 
2715 2429 1620 
5693 2802 2747 
6592 4098 3974 
7406 4645 5532 
7337 6591 6877 
7035 6480 6975 
858 1076 557 
1 NEREC= Northeast Research and Extension Center, Keiser, Arkansas; PTES = Pine Tree 
Experiment Station, Colt, Arkansas; RREC=Rice Research and Extension Center, 
Stuttgart, Arkansas; SEBES=Southeast Branch Experiment Station, Rohwer, Arkansas. 
Table 4. Grain yield of 'Orlon' rice as lnftuenced by nitrogen fertlllzer rate. 
Grain yield by location 
NEREC1 RREC SEBES PTES 
N rate 1990 1991 1990 1991 1990 1991 1991 
lb N/acre b/acr 
0 5294 2550 5130 3391 3929 1976 4901 
60 7592 5485 6981 5535 6507 4911 7731 
90 8566 6644 7336 6363 7145 6472 8534 
120 9539 7736 8266 6776 8488 6780 8673 
150 9293 8239 7681 7761 9410 7686 10001 
180 8972 8131 7465 8002 9669 7735 9286 
LSD0.05 647 532 555 705 645 789 590 
1NEREC=Northeast Research and Extension Center, Keiser, Arkansas; PTES=Pine Tree 
Experiment Station, Colt, Arkansas; RREC=Rice Research and Extension Center, 
Stuttgart, Arkansas; SEBES=Southeast Branch Experiment Station, Rohwer, Arkansas. 
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Table 5. Influence of appllcatlon time prior to flood and aoll moisture condition on 
rice grain ylelda, total d!l matter ~•Ida and recovery of 11N-labeled urea. 
Application Total 15N Recovery 
time prior Soil Grain Dry Matter Ammonia 
to flood Condition Yield Yield Plant Soil lost 
days --- lb/acre --- ---% of applied---
10 dry 5625 a 10893 ab 71 b1 9a 12 C 
10 mud 4554 e 9196 e 38 d 6 ab 38 b 
5 dry 5804a 11339 a 83 a 9a 6d 
5 mud 4732 be 9375 e 59 e 12 a 19 e 
0 dry 5982 a 11518 a 81 a 13 a 2d 
0 mud 5000 b 10089 be 64 e 11 a 12 e 
0 flood 3393 d 7678 d 31 e 3b 48 a 
1 Means within a column followed by the same letter are not significantly different at the 
P < 0.05 level using LSD. 
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DEVELOPMENT OF THE DD50 DATABASE 
FOR NEW RICE VARIETIES 
B.R. Wells, R.J. Norman, K.A.K. Moldenhauer and R.S. Helms 
ABSTRACT 
The degree day (DDS0) computer program, to be effectively used by 
farmers as a guide to timing of inputs, must be continually updated as new 
varieties are named and released. We conduct studies each year to gather 
development data for promising new lines. In 1991 the study, conducted on 
a Crowley silt loam at the University of Arkansas Rice Research and 
Extension Center, Stuttgart, Arkansas, included 16 varieties/lines, two seeding 
dates and three replicates. Across the 16 varieties/lines there were only 
minor differences in DDS0 accumulations between seedling emergence and 
intemode elongation (IE) associated with seeding date. However, DDS0 
accumulations between intemode elongation and heading were greater for 
the second seeding date. A new very-short-season line (RU 9101001) 
required the lowest DDS0 accumulations to reach either IE or heading while 
'Jasmine8S' required the greatest accumulation. 
INTRODUCTION 
The DDS0 computer program bas been one of the most successful 
programs developed by the University of Arkansas, Division of Agricul-
ture. At present, approximately 70 % of the Arkansas rice farmers utiliz.e 
this program as a management tool in rice production. The program re-
quires data for all varieties that base plant development on accumulation of 
DDS0 units from date of emergence. These data are developed by conduct-
ing studies that include all promising new rice lines for two to three years 
prior to naming and releasing the line as a rice variety. When the new 
variety is released to farmers, the data developed from these studies are 
used to provide threshold DDS0 values in the computer program. There-
fore, the objective of this study is to develop databases for promising new 
rice lines, to verify databases for existing varieties and to assess the effect 
of seeding date on DDS0 accumulations. 
MATERIALS AND METHODS 
The study was conducted at the University of Arkansas Rice Research 
and Extension Center, Stuttgart, Arkansas, on a Crowley silt loam soil. 
Sixteen varieties/lines were seeded on either 24 April or 23 May 1991. The 
rice was seeded at a rate of 100 lb/acre in nine row plots (7-in. spacing), 15 
ft in length. The design of the experiment was a randomiz.ed complete 
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block with three replications. The cultural practices were as normally 
conducted for standard rice production. Data collected included maximum 
and minimum daily temperatures, length of elongating intemodes at 3-day 
intervals beginning 35 days after seedling emergence, date of 50 % beading 
and grain yields at maturity. The temperature data were then converted into 
0050 accumulations from seedling emergence until the development stage 
of interest. All data were subjected to statistical analysis using standard 
techniques. 
RESULTS AND DISCUSSION 
New varieties included in the study for the first year include 'Rosemont', 
'Lacassine', 'Delmont' and 'Jackson' (Tables 1 and 2). Data from this 
study will be used to include those varieties in the 1992 0050 program. 
Jasmine85 was the longest maturing variety, as evidenced by its require-
ment for the highest accumulation of 0050 units to either IE or heading 
(Tables 1 and 2), whereas RU 9101001 required the fewest 0050 accumu-
lations to reach any given stage of development. Date of seeding bad only 
minor effects on 0050 accumulations from emergence to IE; however, 
0050 accumulations from IE to heading increased for the May 23 seeding 
date as compared to the April 25 date (Tables 1 and 2), thus resulting in 
increased accumulations of 0050 units at heading for all varieties in the 
second seeding date. 
Differences in growth duration of the varieties resulted from variation 
in accumulation of 0050 units over the intervals from emergence to IE and 
from IE to heading. For example, RU9101001, a very-short-season line, 
required approximately 1050 0050 units from emergence to IE and 500-
550 units from IE to heading while Jasmine85, a long-season variety, 
required approximately 1550 and 1000 0050 units, respectively, for the 
two intervals. These data are further proof that the variation in growth 
duration among varieties is a function of differences in both the vegetative 
and pre-heading reproductive growth, not just the vegetative growth as bas 
been previously reported. 
Grain yields for the varieties for the two seeding dates are given in 
Tables 1 and 2. Orion and RU8902183, a medium grain line from the 
Louisiana breeding program, had the highest average grain yields whereas 
RU9101001, the very-short-season line from the Arkansas program, had the 
lowest yields. Bird damage was extensive on the RU9101001 because of its 
very early maturity; thus yields reported here are not a true reflection of the 
genetic ability of this line. 
SIGNIFICANCE OF THE FINDINGS 
Data from this study will be utili7.ed to include Rosemont, Delmont, 
Jackson and Lacassine in the 1992 0050 computer program. The study 
also provided additional data on 'Orion', 'Alan' and J asmine85 that will be 
used to refine the thresholds for these varieties. Seed of the other lines 
included in the study is being increased for possible release at some future 
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date. When these lines are released, the data will be incorporated into the 
DDSO program. In addition, the results of this study provided further 
information on the development patterns of rice plants as influenced by both 
genetics and seeding date. 
Table 1. Degree day accumulations and grain ylelda for rice varletiea/llnea seeded 
on 24 Aprll 1991, Rice Research and Extension Center, Stuttgart, Arkansas. 
D050 Grain 
Variety /Line 1e1 Heading IE•H Yield 
nit lb/acre 
Rosemont 1381 1942 561 5890 
Delmont 1400 2124 724 6751 
Lacassine 1372 2124 752 7443 
RU9101001 1036 1545 509 1610 2 
Orion 1400 2105 705 7630 
RU9001007 1284 1962 678 7112 
RU9001194 1464 2281 817 7213 
RU9001096 1263 2084 821 8149 
Newbonnet 1428 2271 843 6153 
Tebonnet 1263 1952 689 6754 
Jasmine85 1484 2557 1073 6817 
Alan 1274 1962 688 7075 
RU8902183 1372 2154 782 7974 
RU8802057 1263 2175 912 7050 
Jackson 
RU8803072 1381 2135 754 6946 
LSD(0.05) 901 
c.v. (%) 8.1 
11E=internode elongation; IE-H=internode elongation to heading. 
2Bird Damage 
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Table 2. DegrN day accumulatlona and grain ylelda tor rice varletlea/lln•• sffded 







































2140 806 6928 
2350 967 6541 
2350 956 6425 
1600 547 3611 
2190 735 7651 
2119 766 6777 
23n 901 5353 
2310 1027 6954 
2359 903 5515 
2046 815 5002 
2638 1049 7216 
2068 754 6160 
2213 840 7884 
2199 947 61n 
2140 826 7140 
2181 808 6249 
1282 
12.1 
11E=internode elongation; IE-H=internode elongation to heading. 
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CHANGES IN THE NUTRlENT CONTENT OF WCE 
mRIGATION WATER WITH FLOW DISTANCE 
ACROSS THE FIELD AND WITH THEADDfflON 
OF FERTILIZERS TO THE CROP 
P.A. Moore, Jr., R.J. Nonnan, D.R. Wells, 
K.K. Baugh and R.S. Helms 
ABSTRACT 
Small-plot and field-scale studies were conducted to assess the amount 
of nutrient runoff from rice fields and to determine management strategies 
that improve the efficiency of nutrient utilit.ation by rice. In the small-plot 
experiment, three different nitrogen management schemes were evaluated: 
(1) urea applied to a dry soil prior to flooding, (2) urea applied to a muddy 
soil prior to flooding and (3) urea applied directly into the floodwater. 
Water samples were taken immediately after flooding and daily for the next 
seven days, then at three-day intervals for the second week after flooding. 
The water samples were analyzed for ammonium and nitrate nitrogen. The 
results of this study showed that when urea is applied onto a muddy soil or 
into the floodwater, relatively high concentrations of ammonium are ob-
served in the floodwater. Applying N to a muddy soil or flooded field 
results in less N in the soil, causing yield reductions. Yields decreased 
from 120 to 84 bu/acre when urea was added to muddy soil rather than to 
dry soil. When the urea was applied directly into the floodwater, yields 
decreased even further (65 bu/acre). Field-scale studies on nutrient runoff 
from rice paddies were conducted to determine if this is of environmental 
significance. Floodwater samples were taken throughout the season for 
ammonium, nitrate, phosphate and metals. Results of this study indicated 
that inorganic N concentrations (ammonium and nitrate) are very low most 
of the season. Floodwater N peaks were observed at midseason; however, 
the concentrations were always less than 10 mg NIL, the EPA drinking 
water standard. Although more research is needed before conclusions can 
be drawn, preliminary results indicate that nutrient runoff from rice fields 
does not pose a threat to the environment. 
INTRODUCTION 
In the early 1960s there was a "Green Revolution• in the world, which 
corresponded to the introduction of high-yielding rice varieties to many of 
the developing countries. Now there is another green revolution; however, 
this one revolves around the current environmental movement, which has 
become a major political force in this country. Due to this movement, 
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legislation on non-point-source pollution (i.e. - nutrient runoff from farm-
land) will probably be enacted by the tum of the century. Therefore, it is 
important to know exactly what is contained in the tailwater of rice fields. 
This will help us to determine best management strategies for fertilizer 
applications and irrigation practices, along with providing realistic values 
for legislatures if (or when) they enact laws on nutrient runoff. 
Earlier work on irrigation water quality in rice paddies showed that 
concentrations of some metals decrease as the water moves from the well 
across the field, due to CO
2 
degassing, which results in higher pH. The 
primary metals lost in this manner are Ca and Mg, which precipitate as 
carbonates (Gilmour et al., 1978). Scant information is available on the N 
and P status of floodwaters in rice fields. Moore (1981) found NH
4 
+ con-
centrations in rice fields receiving 130 kg N/ha were usually below 1 mg 
NIL. Studies reporting the nitrate or phosphate concentrations in rice field 
floodwater are lacking. 
Best management strategies for fertiliution of rice should result in 
increased rice yields and be environmentally sound. For years the Univer-
sity of Arkansas has been recommending that early-season (preflood) nitro-
gen for rice should be applied to a dry soil rather than onto a muddy soil or 
into the floodwater. This recommendation was based on studies in which 
yield information was determined (Wells et al., 1988). However, informa-
tion on the effect of soil conditions on nitrogen dynamics in the plant/soil/ 
water system is lacking. The objectives of this study are: 1) to monitor 
changes in the nitrogen level of rice irrigation water with time after nitrogen 
fertilizer applications as influenced by soil moisture conditions at the time 
of nitrogen application, 2) to monitor nutrient movement and runoff from 
rice fields after fertilizing to determine if there is a potential environmental 
problem associated with these nutrients and 3) to use information from 
objectives 1 and 2 to determine best management practices to maximize 
fertilizer N uptake by rice and minimize N runoff into adjacent water 
bodies. 
PROCEDURES 
Small Plot Study 
A nitrogen management study was conducted in 1990 and 1991 at the 
Rice Research and Extension Center, Stuttgart, Arkansas, using three fertil-
izer management schemes: ( 1) N fertiliur applied to a dry soil, (2) N 
· fertiliur applied to a muddy soil and (3) N fertiliur applied into the 
floodwater. The plots were flooded immediately after N application in 
treatments 1 and 2. Water samples were taken immediately after flooding 
and daily for the next seven days, then at three-day intervals for the second 
week after flooding. The water samples were analyz.ed for ammonium and 
nitrate nitrogen. At mid-season all plots were fertiliz.ed into the standing 
water and samples taken immediately 3, 6, 12 and 24 hours and 3 days after 
fertiliution. Plant samples (for N analyses) were taken at 7, 14 and 21 
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days after flooding and at panicle initiation, booting and three weeks after 
he.ading. Grain yields were also determined. 
Field Study 
In 1991, three production rice fields were sampled systematically from 
water entry point to water exit point, including tailwater. The fields were 
located in Ashley, Drew and Lincoln Counties in Arkansas. Water samples 
were taken throughout the season; however, more concentrated sampling 
was conducted after each fertilizer application. Floodwater pH, temperature 
and electrical conductivity were measured in the field at the time of sam-
pling. Samples were filtered on site for both dissolved metals (As, Ca, K, 
Mg, Na, P) and inorganic N (ammonium and nitrate). Water samples (100 
ml) for N analysis were frozen and will be analyzed for ammonium, nitrate 
and urea. In 1990, water samples were taken as described above from a 
production rice field located at the Pine Tree Experiment Station, Colt, 
Arkansas. Since water samples from 1991 have not been analyzed to date, 
only 1990 results will be discussed. 
RESULTS AND DISCUSSION 
Experiment 1 - Effect of Nitrogen Management 
Techniques on Rice Yields 
Large yield reductions occur when urea is applied to a muddy soil or 
into the floodwater rather than onto dry soil (Table 1). In 1991, yields 
decreased from 120 to 84 bu/acre (5420 to 3785 lb/acre) because the N 
fertilizer was applied to a muddy soil rather than to a dry one. Yields 
decreased to 65 bushels/acre (2923 lb/acre) when the early-season urea was 
applied into the floodwater. The implications of these findings are obvious; 
if you have a muddy field, you should wait until it drys out before applying 
urea (and under no circumstances should the early-season N be applied into 
the flood). 
In a similar study, Wells et al. (1988) measured yields that were 
comparable to those of this study in 1990. Their yields were 6580, 6540 
and 5290 lb/acre when the preflood urea was applied to a crusted soil, 
saturated soil and flooded soil, respectively. 
When the early-season N fertilizer (urea) was applied to dry soil, very 
little ammonium N could be detected in the floodwater (Fig. 1). However, 
when the N fertilizer was applied to either a muddy soil or directly into the 
irrigation water after flooding, fairly high concentrations of ammonium 
were observed in the floodwater. The explanation for these data is simple: 
when N is applied to dry soil, it moves downward with water after flooding 
as the water infiltrates the soil. When the soil is already saturated wit4 
water (muddy), then there is little water movement into the soil, causing tile; 
N fertilizer to stay at the soil surface where it is susceptible to loss. This 
type of lo$S is even worse when N is applied directly into the flood. 
When urea moves down into the soil, it enters a mne that will be 
ana,,robic (without oxygen) after flooding. This mne, often referred to as 
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the reduced layer, can be considered a safe storage zone for urea and 
ammonium. However, at the soil surface, there is another layer containing 
oxygen, which is referred to as the oxidized zone. In the oxidized zone, 
ammonium can be converted to nitrate by bacteria. Nitrate, once formed, 
can move into the reduced zone where it is converted to nitrogen gas by 
bacteria. The gas is then given off to the atmosphere. This is why nitrate 
is not used as the early-season N source in rice. 
Experiment 2 - Nitrogen Runoff from Production Rice 
Fields 
Inorganic N concentrations in the floodwater were low throughout the 
season, with two small peaks in ammonium following the two mid-season 
urea applications (Fig. 2). The peaks at midseason, which occurred imme-
diately after fertilization, corresponded to 2 and 4 mg NIL for the first and 
second midseason N application, respectively. Nitrate levels were below 1 
ppm all season. Since the EPA nitrate limit for drinking water is 10 mg N/ 
L, these waters would legally be fit for human consumption (with respect to 
nitrogen). 
Water samples from the 1991 season are currently being analyzed. 
Phosphorus concentrations at the well are typically around 0.3 mg P/L, 
which is relatively high. However, as the water flows across the field, the 
concentration of P decreases to less than 0.0S mg P/L (data not shown). 
Apparently, rice fields behave in the same manner as artificial wetlands that 
are constructed to remove nutrients from water. The EPA target P concen-
tration is 0.10 mg P/L for flowing waters, such as rivers, and 0.05 mg P/L 
for lakes. Although more research is needed before conclusions can be 
drawn, preliminary results indicate that nutrient runoff from rice fields does 
not pose a threat to the environment. Therefore, it is unlikely that rice 
growers will be affected by non-point-source legislation, when it is enacted. 
There is strong evidence that many wetland ecosystems function as 
filters for waters containing elevated concentrations of N and P (Boyt et al. , 
1977; Lakshman, 1979: Reddy and DeBusk, 1985; Tilton and Kadlec, 
1979). Plant uptake of nutrients and incorporation into the sediment are two 
mechanisms in which wetlands are operative in water purification. Much of 
the N entering wetlands is lost as a result of nitrification/denitrification 
reactions (Engler and Patrick, 1974; Reddy et al., 1980). Losses of N from 
floodwaters can also occur via ammonia volatilization. 
SIGNIFICANCE OF FINDINGS 
This research showed that yields could be reduced by almost 50 % when 
poor N fertility practices are employed. Applying the early-season N to a 
muddy soil may result in significant yield reductions. In 1991, yields 
decreased from 120 to 84 bu/acre when urea was added to muddy soil rather 
than to dry soil. When the urea was applied directly into the floodwater, 
yields decreased even further (65 bu/acre). The reason for this yield reduc-
tion is simple: when N is applied to dry soil, it moves downward with 
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water after flooding as the water infiltrates the soil. When the soil is 
already saturated with water (muddy), then there is little water movement 
into the soil, causing the N fertilizer to stay at the soil surface where it is 
susceptible to loss. 
Preliminary results from the field study indicated that nutrient runoff 
from rice fields does not pose a significant threat to the environment. If 
non-point-source pollution laws are enacted in the future (as expected), rice 
farmers will probably not be affected since the concentration of nutrients in 
rice field tailwaters is low. 
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Table 1 - Re•pon•e of 'Katy' rice to soil moisture conditions at the time of the 
early-season nitrogen fertilizer application. 
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Fig. 2. Seasonal variation In floodwater ammonium and nitrate 
concentrations In a production rice fleld. 
USE OF PLANT AREA MEASUREMENTS 
TO ESTIMATE MID-SEASON 
NITROGEN RATES FOR RICE 
B.R. Wells, R.J. Nonnan and R.S. Hehm 
ABSTRACT 
Proper nitrogen (N) fertilizer management for rice is difficult. From 
the standpoint of both cost and environmental concerns, it is essential to 
manage fertilizer N as efficiently as possible. We are conducting studies 
designed to utilize the growth or color of the rice plant as indicators of the 
need for mid-season N fertilizer applications. In 1991 three cultivars-
' Alan', 'Maybelle' and 'Orion'-were included in a study conducted at three 
locations with five early and four mid-season N rates to investigate the use 
of plant area and Minolta SP AD meter measurements as indicators for the 
proper rate of mid-season N fertilizer. Results from these studies show that 
either plant area or SP AD meter measurements made at panicle initiation are 
good indicators of the need for additional N fertilizer. 
INTRODUCTION 
The ability to more accurately estimate mid-season nitrogen (N) rates 
for rice has the potential to save N fertilizer, to minimize any adverse 
environmental effects and to optimize grain yields. In California, N con-
centration in rice leaf tissue is used as the criterion; however, research in 
Arkansas has not shown this method to provide reliable information due to 
a) large changes in N concentration over relatively short time spans during 
late tillering and b) large sample-to-sample variability within the field. 
More recently, efforts to estimate mid-season N needs have included esti-
mates of chlorophyll content (green color) using the Minolta SPAD meter 
and measurements of rice plant area. The study reported here has the 
objective of relating rice plant area and SP AD measurements made at panicle 
initiation to grain yields as influenced by cultivar and both early- and mid-
season N fertilizer rates. 
MATERIALS AND METHODS 
The study was conducted at three locations: the Rice Research and 
Extension Center, Stuttgart, Arkansas (RREC), on a Crowley silt loam 
(Typic Albaqualfs); the Northeast Research and Extension Center, Keiser, 
Arkansas (NEREC), on a Sharkey clay (Vertie Haplequepts); and the Pine 
Tree Experiment Station, Colt, Arkansas (PTES,) on a Calloway silt loam 
(Glossiquic Fragiudalfs). 
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The experimental design was a split plot with early-season N rates of 0, 
40, 80, 120 or 160 lb/acre as the main plots and mid-season N rates of 0, 
30, 60 or 90 lb/acre as the sub-plots. The treatments were replicated either 
three or four times, depending on location and cultivar. Separate studies 
were conducted with each of three cultivars at each location. The cultivars 
were Orion, Alan and Maybelle. The rice was drill seeded at 100 lb/acre in 
9-row plots (7-in. row spacings), 15 ft in length. Weed control was 
achieved with standard herbicide applications. All plots received the early-
season N application prior to flooding when the rice was at the 4- to 5-leaf 
stage of development. Mid-season N applications were made into the flood 
water. Plant area measurements, Minolta SPAD readings and 'Y' leaf 
samples for determination of N concentration were taken weekly beginning 
two weeks after flooding and continuing until panicle initiation. Plant area 
was measured as the plant height by leaf spread with the plant treated as a 
triangle. At maturity, a 12-ft section from the center four rows of each plot 
was harvested with a small combine, the grain weighed, moisture content 
determined and the yields calculated as lb/acre at 12 % moisture content. 
Statistical analyses were conducted using procedures developed by SAS, 
Inc. Means separations were by LSD at the S % level of probability. 
RESULTS AND DISCUSSION 
Grain yield responses to early- and mid-season N applications are shown 
in Tables 1-6. Alan was the only cultivar with a significant early- by mid-
season N rate interaction. Yield responses to the early-season N applica-
tions were considerably greater than those from the mid-season N applica-
tions. 
Maximum grain yields for Orion (Table 1) were associated with an 
early-season N rate of 80 lb/acre at all three locations. Grain yield response 
to mid-season N rate was much less and varied with location; the optimum 
rate varied from 30 to 90 lb/acre. Maybelle responded to higher early-
season N rates as compared to Orion (Table 2). Yields of Maybelle at 
RREC and NEREC appeared not to have reached a maximum even with the 
160 lb/acre early-season N rate whereas at PTES maximum yields were 
associated with an early-season N rate of 120 lb/acre. Yields increased with 
a 30-lb/acre mid-season N application at RREC and with a 90-lb/acre mid-
season N application at NEREC. Yields of Maybelle were not affected by 
the mid-season N application at the PTES. 
There were significant interactions for grain yields of Alan between 
early- and mid-season N rate treatments at all three locations (Tables 3, 4 
and S). Yields at RREC (Table 3) increased with increased early-season N 
rates to 80 lb/acre. At the 0-lb/acre early-season N rate, a mid-season N 
rate of 60 lb/acre was needed to maximi.ze yields whereas at 40 lb/acre 
early-season N only 30 lb/acre of mid-season N was needed. At early-
season N rates of 80 lb/acre or greater, no response was received from mid-
season N applications. Yields of Alan at PTES (Table 4) increased with 
increasing early-season N rates up to 80 lb/acre. Mid-season N rates of 30 
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to 90 lb/acre were needed to optimi7.e yields when the early-season N rate 
varied from O to 80 lb/acre. No mid-season N fertili7.er was needed to 
optimi7.e yields when the early-season N rate was greater than 80 lb/acre. 
Grain yields were reduced at the 160-lb/acre early-season N rate irrespec-
tive of the rate of mid-season N applied. Grain yields of Alan at NEREC 
(Table 5) responded to early-season N applications up to 120 lb/acre. Mid-
season N applications increased grain yields at early-season N rates of 0, 40 
or 80 lb/acre. 
Minolta SP AD readings and plant areas measured at panicle initiation 
increased with increasing early-season N rates (Tables 6, 7 and 8). Plant 
areas for optimum grain yields that were associated with early-season N 
applications for Orion appear to range from 700 to 800 cm2 whereas SP AD 
readings at these same N rates were 34 to 35. Maximum SPAD readings 
were approximately 40; however, these were associated with early-season N 
rate treatments above these needed to maximi7.e grain yields. The lack of a 
significant interaction for grain yields between early- and mid-season N rate 
treatments makes it difficult to estimate either plant areas or· SP AD readings 
where differential mid-season N rates should be applied. Apparently opti-
mum plant areas for Orion are considerably lower than those for Mars. 
This may be the result of the erect angle of the leaves for Orion that results 
in a smaller plant area. 
Plant area and SP AD measurements for Maybelle at panicle initiation 
are given in Table 7. Plant areas associated with maximum grain yields and 
with early-season N rate varied from 860 to over 1000 cm2 with location. 
These values are higher than those reported for Maybelle in 1990. How-
ever, it appears that the 1991 Maybelle differs from the 1990 cultivar by 
being approximately one week earlier in maturity, of shorter plant height 
and with broader leaves. This is apparently the result of changes made in 
this cultivar by the Texas and Mississippi rice breeding programs (Personal 
communication, J. Stansel). Optimum SP AD readings appear to be in the 
range of 38 to 39. As with Orion, the lack of a significant interaction for 
grain yields between early- and mid-season N rates makes it difficult to 
estimate plant areas and SP AD readings below optimum to differentiate 
mid-season N rates. 
Plant area and SP AD measurements made at panicle initiation for Alan 
are given in Table 8. Plant areas of approximately 800 to 1000 cm2 were 
associated with maximum grain yields at varying early-season N rates with-
out the addition of any mid-season N fertilizer. SPAD meter readings above 
35 appeared to indicate an adequate level of N for optimum yields without 
addition of mid-season N fertili7.er. As plant area or SPAD measurements 
decreased below 800 cm2 and 35, respectively, increasing amounts of mid-
season N fertili7.er were required to optimi7.e grain yields. 
SIGNIFICANCE OF FINDINGS 
Results from the 1991 studies continue to indicate that either plant area 
or the SPAD meter color ratings may be used to estimate the need to apply 
91 
ARKANsAS ExPERIMENT STATION RF.sEARcH SERIES 422 
mid-season N fertilizer to rice. The data also indicate that rice cultivars 
vary as to the optimum size and color associated with proper N nutrition at 
panicle initiation. Therefore, it will be necessary to continue to evaluate 
new rice cultivars as they are released if this program is to be of value to 
rice farmers. 
Table 1. Grain yleld reaponae of 'Orlon' rice to preflood and mid-season 
nitrogen fertlllzatlon by location, 1991. 











































LSD (0.05) Preflood 985 585 925 
LSD (0.05) Mid-season 253 352 ns 
1RREC=Rlce Research and Extension Center, Stuttgart, Arkansas; PTES=Pine Tree 
Experiment Station, Colt, Arkansas; NEREC= Northeast Research and Extension Center, 
Keiser, Arkansas. 
Table 2. Grain yield reaponae of 'Maybelle' rice to preflood and mid-season 
nitrogen fertlllzatlon by location, 1991. 









































LSD (0.05) Preflood 692 934 613 
LSD (0.05) Mid-season 273 ns 308 
1RREC=Rlce Research and Extension Center, Stuttgart, Arkansas; PTESa:Pine Tree 
Experiment Station, Colt, Arkansas; NEREC=Northeast Research and Extension Center, 
Keiser, Arkansas. 
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Table 3. Grain ylelda of 'Alan' rice as Influenced by preflood and mld-... aon nitro-
gen ferllUzatlon, Rice Re ... rch and Extension Center, Stuttgart, Arkansas, 1991. 
Preflood Mid-season N rate ObLacre) 
N Rate ObLacre) 0 30 60 90 
0 3563 4065 4910 4967 
40 5363 5752 5495 5911 
80 5915 6049 5757 5867 
120 6225 6217 5798 5387 
160 5818 5322 4598 44n 
Table 4. Grain yields of 'Alan' rice as Influenced by preflood and mld-... aon 
nitrogen ferllllzatlon, Pine Tree Experiment Station, Colt, Arkansas, 1991. 
Preflood Mid-season N rate Ob/acre) 
N Rate Ob/acre) O 30 60 
0 4679 5234 5635 
40 6681 6903 7024 
80 7321 8124 7471 
120 75n 7592 7506 







Table S. Grain ylelda of 'Alan' rice u Influenced by preflood and mlckeaaon nftro.gen 
fertlllzatlon, Northeast Research and Extanalon Centlll', Kelaer, Arkan .... 1991. 
Preflood Mid-season N rate Ob/acre} 
N Rate ObLacre) 0 30 60 90 
0 2615 3471 3254 3311 
40 4291 5270 6117 6713 
80 7318 7424 7638 8190 
120 7923 n13 8335 8302 
160 7836 7004 7482 7860 
Table 6. Plant area and SPAD meter measurements of 'Orlon' rice as Influenced 
bl early-Haaon nitrogen rate and location, 1991. 
Location 
Preflood RREC1 PTES NEREC 
NRate Chl2 PA Chi PA Chi PA 
cm2 cm2 cm2 
0 25 219 22 189 26 223 
40 27 430 27 436 31 537 
80 34 662 35 757 35 786 
120 38 706 38 942 39 942 
160 41 857 40 985 40 1024 
LS0(0.05) 3 104 3 70 2 48 
1 RREC a Rice Research and Extension Center, Stuttgart, Arkansas; PTES = Pine Tree 
Experiment Station, Colt, Arkansas; NEREC• Northeast Research and Extension Center, 
Keiser, Arkansas. 
2Chl = Chlorophyll estimate by SPAO meter reading; PA= Plant area in cm2 
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Table 7. Plant area and SPAD meter m .. aurementa of 'Maybelle' rice 
as Influenced by early-Nason nitrogen rate and location, 1991. 
Location 
Preflood RREC1 PTES NEREC 
N Rate Chl2 PA Chi PA Chi PA 
cm2 cm2 cm2 
0 25 201 20 207 23 213 
40 29 557 25 546 28 714 
80 35 715 31 705 34 866 
120 39 742 35 870 37 1036 
160 39 890 37 889 39 1066 
LSD (0.05) 2 108 5 94 2 75 
1 RREC = Rice Research and Extension Center, Stuttgart, Arkansas; PTES = Pine Tree 
Experiment Station, Colt, Arkansas; NEREC=Northeast Research and Extension Center, 
Keiser, Arkansas. 
2Chl = Chlorophyll estimate by SPAD meter reading; PA= Plant area in cm2 
Table 8. Plant area and SPAD meter measurements of 'Alan' rice 
as Influenced by nitrogen rate and location, 1991. 
Location 
Preflood RREC1 PTES NEREC 
N Rate Chi2 PA Chi PA Chi PA 
cm2 cm2 cm2 
0 25 256 19 264 23 199 
40 30 741 27 574 28 655 
80 35 880 31 677 32 945 
120 39 1046 34 1028 36 1151 
160 40 1099 38 1061 38 1229 
LSD (0.05) 151 3 159 1 86 
1RREC=Rice Research and Extension Center, Stuttgart, Arkansas; PTES=Pine Tree 
Experiment Station, Colt, Arkansas; NEREC= Northeast Research and Extension Center, 
Keiser, Arkansas. 
2Chl = Chlorophyll estimate by SPAD meter reading; PA= Plant area in cm2 
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NUTRIENT UPTAKE RELATED TO ROOT 
MORPHOLOGY AND ABSORPTION 
CHARACTERISTICS OF RICE 
Y.H. Teo, C.A. Beyrouty, R.J. Nonnan, D.R. Wells, 
E.E. Gbur and P.J. Watson 
ABSTRACT 
A field study was conducted in 1991 at the Rice Research and Exten-
sion Center, Stuttgart, Arkansas, to evaluate the influence of root growth 
and kinetic uptake parameters on nitrogen (N), phosphorus (P) and potas-
sium (K) uptake by the rice cultivars 'Lemont', 'Katy' and 'Mars'. Culti-
vars differed in uptake of N and P but not K. Katy had the longest root 
length of the three cultivars but the smallest root diameter. Consequently, 
all cultivars had the same root surface areas. Cultivar differences in nutri-
ent uptake were not attributed to differences in root growth but were attrib-
uted to differences in kinetic uptake parameters as measured in the growth 
chamber. 
INTRODUCTION 
Optimum food production depends upon efficient use of fertilizer to 
minimize production costs, conserve natural resources and reduce ground-
water pollution. The efficiency of fertilizer uptake by plants may be im-
proved by selecting cultivars that can absorb a greater proportion of the 
nutrients in the soil. A greenhouse study (Teo and Beyrouty, 1990) showed 
that total N, P and K uptake by rice ( Oryi,a sativa L.) differed among 
cultivars (Lemont, Mars and Katy). These differences in nutrient uptake 
were attributed to variation in root morphology and to the ion absorption 
characteristics of the root. 
The objective of this study was to investigate differences in root growth 
and ion absorption characteristics of rice cultivars under a field situation. 
PROCEDURE 
A nutrient uptake study was conducted at the Rice Research and Exten-
sion Center, Stuttgart, Arkansas, on a Crowley silt loam (Typic Albaqualfs, 
pH = 5.0) using three rice cultivars (Katy, Mars and Lemont). Plots (9 ft 
wide by 32 ft long) were seeded on 14 May 1991. Emergence was 21 May 
for the three cultivars. Plots were flooded at the 4-leaf stage (11 June). 
Urea nitrogen was applied to all plots as a three-way split. At preflood 
120, 65 and 50 lb N/acre was applied for Lemont, Katy and Mars, respec-
tively. At 0.5-in. intemode elongation, 30 lb N/acre was applied for 
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Lemont and Mars, and 35 lb N/acre was applied for Katy. These N rates 
were also applied 10 days later. Stages of growth and timing of rice 
management practices were determined by visual inspection and the 0D
50 
computer program. 
Shoots were harvested from 1.6 ft of row from each plot at 36, 41 and 
59 days after emergence. At 36 and 41 days after emergence, rice was at 
the tillering stage, and at 59 days after emergence, rice was at 0.5-in. 
intemode elongation. Plant samples were dried in an oven at 65 C, and dry 
weights were determined and analy:zed for total N, P and K. 
Soil-root cores were taken to a depth of 16 in. at each harvest date. 
Roots were separated from soil by wet sieving, and fresh root weights (FW) 
were measured. Root lengths (L) were determined with the line-intercept 
method. Root radius (r.,) was calculated using the equations r
0 
= (FW/ 




The data were analy:zed as a split plot in which the whole plot was a 
randomi:zed block design with three replications and cultivar as the factor. 
The split plot factor was harvest date. A protected LSD (P = 0.05) was 
used to separate means, where appropriate. 
Nutrient depletion studies were conducted in the growth chamber with 
the same cultivars at the University of Arkansas, Fayetteville, in 1989. The 
experiment conducted was by the procedure of Claassen and Barber (1974). 
The Michaelis-Menten kinetics equation was used to describe ion absorption 
into the root in which the maximal absorption rate (Imu) was determined. 
The Imu is the maximum nutrient absorption rate into the root (g/ft2/sec) at 
high nutrient concentration. 
RESULTS AND DISCUSSIONS 
For the field studies there was a significant cultivar effect on total N 
and P uptake when data were averaged across sampling times (Table 1). 
Cultivars did not differ in uptake of K. Total N uptake was about 35 % 
higher for Katy and Mars than for Lemont. However, total P uptake for 
Lemont was about 16% higher than for Mars and Katy. Although the roots 
were about 17 % longer for Katy than for Mars and Lemont, Katy had the 
smallest r
0
• Consequently, root surface areas did not differ among cultivars 
(Table 2). The difference in nutrient uptake, therefore, is not attributed to 
the variations in root morphology. 
We found, however, that differences in total uptake among the cultivars 
in the field appear to be related to the ion absorption characteristic (Imu) of 
the cultivars measured in a growth chamber study (Table 3). Katy, with the 
highest N and lowest P and K uptake, had the highest Imu value for N and 
lowest Imu values for P and K. Similarly, Lemont had the lowest Imu value 
for N and highest Imu for P and K and had the lowest total N and highest 
total P and K uptake. Mars was intermediate among the cultivars. 
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SIGNIFICANCE OF FINDINGS 
These findings suggest that differences in nutrient uptake by these three 
rice cultivars were not due to variation in root morphology but were appar-
ently due to differences in the ion uptake characteristics. Ion uptake param-
eters are not routinely determined. However, knowledge of these values is 
important to predict the potential nutrient uptake capabilities of the different 
rice cultivars. This study also indicates that root absorption properties can 
be used in selecting cultivars to increase nutrient uptake. 
LITERATURE CITED 
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Table 1. Total uptake of nitrogen (N), phosphorus (P) and potassium (K) 
by three rice cultlvars averaged across sampling time. 














1 Means followed by the same letter within the same column are not significantly different 
(P = 0.05). 
Table 2. Mean root length (L), radius (rJ and root surface area (SA) 
for three rice cultlvars averaged across sampling time. 
















1 Means followed by the same letter within the same column are not significantly different 
(P = 0.05). 
Table 3. Maximal nitrogen (N), phosphorus (P) and potassium (K) Influx rate 
for three rice cultivars measured In the growth chamber. 














1 Means followed by the same letter within the same column are not significantly different 
(P = 0.05). 
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YIELD RESPONSE OF RICE TO WATER 
AND NITROGEN MANAGEMENT 
C.A. Beyrouty, R.J. Norman, B.R. Wells, 
P.A. Watson and E.E. Gbur 
ABSTRACT 
A field study was conducted in 1991 at the Rice Research and Exten-
sion Center near Stuttgart, Arkansas, to measure the effects of reduced 
water inputs and nitrogen (N) management on growth and yield of rice. 
Three cultivars were subjected to normal flood application or a 25-day delay 
in flood application combined with either normal timing of the flood re-
moval or earlier-than-normal flood removal. Superimposed on these treat-
ments were N timing of a normal three-way split, an early three-way split 
or all N applied preflood. Early flood removal and N timing did not affect 
yields. However, delay of flood application reduced yields of 'Tebonnet' 
and 'Texmont' but not of 'Alan' compared to their respective normal flood 
treatments. 
INTRODUCTION 
Research has suggested that groundwater levels in the Quaternary aqui-
fer in some areas of the Grand Prairie will have dropped at least 28 ft by 
1993 (Peralta et al., 1985). Increases in pumping costs could represent a 
12 % reduction in profits for the rice producer. Currently rice is flood 
irrigated at the 4- to 5-leaf stage, and the flood is removed 14 days prior to 
harvest. Approximately 2 acre-feet of water is required to irrigate rice 
throughout the growing season. Under current water management, when 
sources of ground water become inadequate for rice production, the pro-
ducer will have the option of finding an alternative source of water or 
growing a different crop. However, we have been conducting research 
since 1987 to determine if rice can satisfactorily grow in a limited flooding 
environment. Results with the cultivar Tebonnet have been very promising 
and suggest that response depends upon soil series and nitrogen timing. 
Consequently, we have continued our studies to evaluate the yield response 
of three rice cultivars to water and N management. 
PROCEDURES 
A field study was conducted in 1991 on a Crowley silt loam (Typic 
Albaqualfs) at the Rice Research and Extension Center near Stuttgart, Ar-
kansas. Soil characteristics of the upper 4 in. were pH (1: 1 wt/wt soil:water 
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mixture), SA; organic matter, 0.9%; extractable P, 9 lb/acre; exchangeable 
K, 151 lb/acre. 
Three rice cultivars, Alan, Tebonnet and Texmont, were seeded on 15 
May in 9-row plots measuring 15 ft by 6 ft with 7-in. spacing between 
rows. Each cultivar was subjected to four water management and three N 
timing treatments. The water management treatments were 1) flood applied 
at 4- to 5-leaf stage and removed 21 days after heading (normal flood), 2) 
flood applied at 0.5-in. intemode elongation (IE) and removed 21 days after 
heading (delayed flood), 3) same as treatment 1 but flood removed 14 days 
after heading (normal flood-early removal) and 4) same as treatment 2 but 
flood removed 14 days after heading (delayed flood-early removal). Plots 
subjected to a delayed flood were flush irrigated until application of the 
permanent flood. Flush irrigation was applied when tensiometers placed at 
the 4- in. soil depth read -0.3 bar or less. This resulted in six flush 
irrigations before the permanent flood was applied on 7 July. Water from 
the flush irrigations remained on plots for 15 to 18 hours before removal. 
A permanent flood was applied to normal-flooded plots on 12 June. 
Nitrogen treatments consisted of 1) a three-way split application as 
recommended (normal N), 2) a three-way split application with the second 
and third splits applied at panicle differentiation (PD) minus 10 days and at 
PD, respectively (early N) and 3) all N applied preflood (preflood). Nitro-
gen was applied as urea at recommended rates (University of Arkansas 
Cooperative Extension Service, 1990). When N was applied to non-flooded 
plots, fertilizer was applied to a dry soil surface followed by flushing as 
described previously. 
Plots were maintained weed free with Propanil and Thiobencarb applied 
on 24 May at 2 lb ai/acre each and on 10 June at 3 lb ai/acre each. 
Bensulfuron was also applied on 17 June at 0.5 lb ai/acre. 
Flood treatments were arranged as individual strips within each of two 
blocks. Cultivars were randomly located in two blocks within each strip. 
Nitrogen treatments were superimposed on each cultivar-water treatment 
combination. The experimental design was a split-split plot with water 
management as the whole plot, cultivar as the first split and N timing as the 
second split. Each treatment combination was replicated four times. 
RESULTS AND DISCUSSION 
A significant flood by cultivar interaction was found for rice yields 
(Table 1). Removal of the flood eight days earlier than recommended 
before harvest did not affect yields, confirming similar findings by Counce 
et al. (1990). A 25-day delay in the application of the flood water did 
reduce yields of Tebonnet and Texmont 9 % below those of the normal 
flood treatments. Yield of Alan, however, was not affected by delayed 
application of the flood water. Although not significant, there was a trend 
for a 240-lb/acre increase in the yield of Alan subjected to the delayed 
flood. Nitrogen timing did not affect yields under any water management 
regime. Although research has shown that the most efficient uptake of N 
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by the rice plant occurs with a 3-way split (Wilson et al., 1989), the results 
from this study suggest that optimum yields may be obtained when the N is 
properly managed as a single application prior to flood application. Similar 
results were found by Wells and Shockley (1978). It must be kept in mind, 
however, that flushing immediately followed N application on these small 
plots with little opportunity for ammonia volatilization or nitrification to 
occur. 
SIGNIFICANCE OF RESULTS 
Results from this study suggest that rice can be satisfactorily grown 
under a limited flood water regime. This study will be repeated at least one 
more season. If results remain positive, a larger-scale study will be con-
ducted on producers' fields to evaluate weed control techniques and poten-
tial water savings. It may be that even a 9 % yield reduction is satisfactory 
if counterbalanced by savings in the costs of energy for pumping water and 
aerial applications of fertilizers and herbicides. 
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Table 1. Yield response of three rice cultlvars to flood water management. 
Flood treatment Alan Tebonnet Texmont 
Normal 
Delayed 









MANAGEMENT STRATEGIES FOR CONTROL 
OF STRAIGHTHEAD IN RICE 
R.S. Helms, R.H. Dilday, R.J. Norman and D.R. Wells 
ABSTRACT 
Five very-short rice varieties ('Tebonnet', 'Alan', 'Maybelle', 'Millie' 
and '1..202') were evaluated in four water management regimes for straighthead 
control. The water management regimes included a no-drain treatment, a 
drain-dry treatment and a 7- or 14-day flood delay then no drain until 
maturity. Grain yield reductions from straighthead (no-drain) compared to 
drain-dry treatment ranged from 5640 lb/acre for Tebonnet to 1520 lb/acre 
for Maybelle. Delaying the permanent flood 7 days significantly increased 
grain yield and decreased straighthead compared to the no-drain treatment 
in the most susceptible varieties, Tebonnet and Millie. Delaying the perma-
nent flood by 14 days significantly increased grain yields and decreased 
straighthead compared to the no-drain treatment in Tebonnet, Alan, Millie 
and L202. Delaying the permanent flood by 7 to 14 days could be an 
alternative water management strategy for straighthead control in rice vari-
eties with moderate susceptibility to straighthead. However, in rice variet-
ies highly susceptible to straighthead, the drain-dry water management re-
gime should still be utilized. 
INTRODUCTION 
The current University of Arkansas management recommendation for-
straighthead control in rice is draining and drying the soil prior to intemode 
elongation. Problems that sometimes affect draining and drying for 
straighthead include rainfall during the drying timeframe and weed control, 
particularly if granular Ordram (15G) was the herbicide applied. The 
draining and drying timeframe for straighthead is relatively soon after the 
initiation of the permanent flood for the very-short-season rice cultivars 
compared to the short-season and midseason rice cultivars. Because of thi11 
short timeframe, the present study was initiated to determine if delaying th~ 
permanent flood 7 or 14 days could be a viable alternative for straighthead 
control in very-short-season rice cultivars. 
PROCEDURES 
Five very-short-season rice cultivars (Tebonnet, Alan, Maybelle, Millie 
and 1..202) were planted 9 May 1991 on a silt loam soil at the University of 
Arkansas Pine Tree Experiment Station, Colt, Arkansas (PTES). MSMA 
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was applied at 6.00 lb/acre and incorporated prior to seeding to induce 
straighthead. 
Four water management strategies were evaluated to determine their 
effects on straighthead in the five rice cultivars. The water management 
strategies were 1) normal flood, 2) drain-dry at the recommended time, 3) 
7-day flood delay beyond the normal flood date then no-drain, 4) 14-day 
flood delay then no-drain. 
The experimental design of the study was a split plot. The main plots 
were the water management strategies, and subplots (6 ft x 15 ft) were the 
rice cultivars. Straighthead ratings were made prior to harvest utilizing the 
system outlined in Table 1. The plots were hand harvested and threshed 
with a Vogel thresher. 
RESULTS AND DISCUSSION 
Comparison among the rice cultivars in no-drain and drain-dry water 
management strategies illustrates the varying susceptibility of the rice culti-
vars to straighthead (Table 2). 
Grain yield reduction from straighthead (no-drain) vs. drain-dry ranged 
from 5640 lb/acre for Tebonnet to 1520 lb/acre for Maybelle. Straighthead 
ratings ranged from 7.7 (Tebonnet) to 0.8 (Alan) in the no-drain treatment 
and from 2.5 (Tebonnet) to 0 (Millie) in the drain-dry treatment. 
Delaying the permanent flood 7 days significantly increased grain yields 
and decreased straighthead compared to the no-drain treatment in Tebonnet 
and Millie, the most straighthead-susceptible rice varieties. Delaying the 
permanent flood 14 days significantly increased grain yields and decreased 
straighthead compared to the no-drain treatment for Tebonnet, Alan, Millie 
and L202. 
The data indicate that delaying the permanent flood by 7 to 14 days 
could be an alternative water management strategy for straighthead control 
in very-short-season rice varieties with moderate susceptibility to straighthead. 
However, this may not be a viable alternative in rice varieties highly 
susceptible to straighthead (Tebonnet and Millie). Before the management 
system is implemented, other factors must be considered, such as the impact 
on weed control, disease severity and nitrogen management. 
SIGNIFICANCE OF FINDINGS 
The straighthead water management results indicate that for very-short-
season rice cultivars moderately resistant to straighthead, delaying the per-
manent flood 7 to 14 days is an alternative to the drain-dry management 
system. Further research is needed to refine this management system across 
soil types and to determine how the delayed flood impacts other factors such 
as weed control, diseases and nitrogen management. 
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Table 1. Stralghthead rating system. 
Rating 
No Symptoms 
Panicles emerged, 95% of the kernels fully mature and turned over 
Panicles emerged, 90% of the kernels fully mature and turned over 
Panicle emerged, 80% of the kernels fully mature and turned over 
Panicles emerged, 70% of the kernels fully mature and turned over 
Panicles emerged, 60% of the kernels fully mature and turned over 
Panicles emerged, 50% of the kernels fully mature and turned over 
Panicles emerged, but kernels not mature - upright head 
20% of the panicles partially emerged 
Panicles do not emerge 
Table 2. Influence of water management on stralghthead severity and grain yield, 
Pine Tree Experiment Station, Colt, Arkansas, 1991. 
No-Drain 
Strhd1 Yield 
Variety Rating (lb/acre) 
Tebonnet 7.7 1610 
Alan 0.8 6582 
Maybelle 2.1 6413 
Millie 6.2 3675 
l.202 1.6 5882 
LSD.OS Straighthead rating 1.6 
LSD.OS Grain Yield 1038 lb/acre 









7-Day Delay 14-DayDelay 
Strhd Yield Strhd Yield 
Rating (lb/acre) Rating (lb/acre) 
3.9 5504 0.3 7855 
0.4 6757 0.3 7951 
0.3 7351 0.1 8480 
0.5 6466 0.1 6865 
1.2 6420 0.6 7341 
103 
REDUCED- AND NO-TILLAGE SYSTEMS 
FOR RICE AND SOYBEANS 
Roy J. Smith, Jr. and Aurora M. Baltazar 
ABSTRACT 
Rice grown in reduced- and no-tillage systems produced grain yields 
comparable to rice grown in a conventional tillage system. However, costs 
of producing rice in reduced- and no-tillage systems were lower than costs 
of producing it in a conventional tillage system. Therefore, rice grown in 
reduced- or no-tillage systems produced higher net returns than that grown 
by conventional tillage. Standard herbicides controlled weeds in rice grown 
in reduced- and no-tillage systems as well as in that grown in a conventional 
tillage system. Ducksalad infestations were frequently lower in reduced-
and no-tillage systems than in conventional tillage. Soybeans grown in 
reduced- and no-tillage systems produced yields comparable to soybeans 
grown in a conventional tillage system. In the first year, net returns were 
higher from no-tilled than from conventionally tilled soybeans, but in the 
second year net returns were not different for these tillage systems. 
Glyphosate alone or tank mixed with V-53482 applied preplant burned 
down winter weeds in no-till rice and soybeans sufficiently to permit excel-
lent stand establishment. 
INTRODUCTION 
Conventional tillage is a soil management system that depends on till-
age to control all weeds and volunteer crop plants before seeding. Conser-
vation tillage is a soil management system that leaves the soil surface 
resistant to erosion and conserves soil moisture. Conservation tillage meth-
ods include 1) uro or no tillage, 2) minimum or reduced tillage and 3) 
mulch tillage. No-tillage and reduced-tillage systems also may have less 
adverse impact on the environment, especially in areas where trace amounts 
of chemical pesticides have been detected in groundwater and surface water. 
In Arkansas, mechanical operations used prior to planting rice vary 
considerably both in timing and in number from farm to farm, and this 
variability is quite large even among farmers from the same county who are 
farming the same type of soil. For example, in eastern Arkansas, the 
number of mechanical operations prior to planting rice can vary from a 
minimum of four to a maximum of eight, and the cost per acre of these 
operations varies from $26 to $60. 
There is a need to investigate whether the number of mechanical opera-
tions usually performed prior to planting rice can be reduced and what 
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impact this reduction will have on weed control, grain yields and, ulti-
mately, on net profit. Research conducted in the Philippines and in Japan 
with rice has demonstrated that considerable savings in time, labor, capital 
and energy can be achieved in land preparation without loss in yields. The 
objective of this research was to investigate the feasibility and profitability 
of implementing conservation tillage practices in rice in Arkansas. 
PROCEDURES 
During the first year, soybeans were grown conventionally in rows 
spaced 32 in. In the second year, rice was drill-seeded in 7.5-in. rows. 
Two separate experiments were conducted with initiation of the first experi-
ment in 1988 and the second experiment in 1989. Hence, rice was grown 
in the first and second experiments in 1989 and 1990, respectively, and 
again in the first experiment in 1991. Likewise, soybeans were grown in 
the first and second experiments in 1990 and 1991. 
Both experiments were located on Crowley silt loam with pH 5. 8 and 
0.9% organic matter at the Rice Research and Extension Center, Stuttgart, 
Arkansas. In both experiments, 'Newbonnet' rice was drill-seeded in late 
April or early May with crop emergence in May each year. 'Narow' 
soybeans were drill-seeded in June each year with emergence in the same 
month. Plots 100 by 26 ft were arranged in randomized complete blocks 
with four replications. 
For rice, nitrogen fertilimr at 135 lb N/acre was applied in a three-way 
split with 75 lb N/acre applied before flooding, 30 lb N/acre applied when 
intemodes were 0.5 in. and 30 lb N/acre applied 14 days later. Water 
management was conventional with flooding at early tillering and draining 
for straighthead control. Benomyl (Benlate) at 0.5 lb/acre was applied 
twice at midseason for control of rice diseases. 
Tillage treatments for rice and soybeans were as follows: 
1. Conventional tillage, which included the following operations: one 
fall disking, one spring disking, one field cultivating, land planing 
twice and field cultivating again just before drill-seeding rice. 
2. Reduced-tillage, which included spring disking once, land planing 
once and then field cultivating once just before drill-seeding rice. 
3. Reduced-tillage, which consisted only of field cultivating three 
times just before drill-seeding rice. 
4. Reduced-tillage, which consisted of field cultivating once just before 
drill-seeding rice. 
5. No-tillage with glyphosate (Roundup) at 0.38 lb/acre applied 14 
days before drill-seeding rice. A nonionic surfactant at 0.5% v/v 
was added to the herbicide mixture. 
6. No-tillage with glyphosate at 0.38 lb/acre + V-53482 (experimental 
herbicide) at 0.08 lb/acre applied 14 days before drill-seeding rice. 
A crop oil concentrate at 1 % v/v was added to the herbicide 
mixture. 
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Tillage was performed with standard commercial equipment including 
disk-harrows, land levellers and field cultivators. Rice was seeded in 1989 
with a commercial heavy-duty grain drill and in 1990 and 1991 with a 
commercial no-till grain drill. Soybeans were seeded with the no-till drill 
both years. In the two no-till systems, bumdown herbicide treatments were 
applied with a tractor plot sprayer in 20 gal/acre spray mixture pressurized 
with CO. 
In aft treatments, weeds were controlled in rice with propanil at 3 or 4 
lb/acre applied sequentially early postemergence or with propanil and 
thiobencarb (Bolero) each at 3 lb/acre applied postemergence in a tank 
mixture. Herbicides were applied to rice with a CO
2
-pressurized backpack 
sprayer in 20 gal/acre of spray mixture. 
In all treatments in soybeans, postemergence applications of quizalofop 
(Assure) or fluazifop-P (Fusilade 2000) controlled grass weeds while broad-
leaf weeds were controlled with a tank mixture of acifluorfen (Blazer) and 
bentazon (Basagran). 
Data collected in rice included weed control and crop injury ratings (0 
= no control or no crop injury; 100 = all weeds or all crop plants killed), 
rough rice grain yield (lb/acre), total mill and head rice and bran yield(%), 
seed weight (g/1000 grains), days from emergence to 50% heading and seed 
germination(%). Data collected in soybeans included crop injury and weed 
control ratings and yield. A partial economic analysis was conducted to 
obtain net returns from each plot using standard costs of production inputs 
and the market value for rice grain. Average values of $0.14, $0.09 and 
$0.03/lb were used for head rice, broken kernels and bran, respectively. 
Also, an average deficiency payment of $0.05/lb was an added value. 
Average value for soybeans was $0.10/lb. All data were analyzed by 
analysis of variance with significant means separated by Duncans multiple 
range test (P ~ 0.05). 
RESULTS AND DISCUSSION 
In both crops, glyphosate applied alone or tank mixed with V-53482 
burned down winter vegetation to provide a soil environment suitable for 
rice germination and stand establishment comparable to that in conventional 
tillage. The winter weed complex included annual bluegrass, horseweed, 
com buttercup, little barley and dwarf dandelion. Glyphosate + V-53482 
provided quicker and more complete bumdown of winter vegetation than 
did glyphosate alone. For example, in 1990 glyphosate with surfactant 
burned down 75 % of the vegetation by 14 days after application (when 
seeding rice) while glyphosate + V-53482 with crop oil burned down 95% 
of the vegetation during the same period. 
Conventional herbicide treatments of propanil applied sequentially or 
tank-mixed with thiobencarb controlled bamyardgrass, broadleaf signalgrass 
and large crabgrass in rice. In all years, ducksalad infestations were moder-
ate to high in conventionally tilled plots while they were low in no-till 
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plots. Ducksalad infestations in reduced-tillage systems were intermediate 
compared to those in conventional and no-tillage systems. 
Excellent rice stands occurred all years in all tillage treatments. Grain 
yields were not significantly different for the various tillage systems and 
ranged from 5600 to 6000 lb/acre, averaged for 3 years. 
Net returns were significantly higher from reduced- and no-tillage sys-
tems than from conventionally tilled rice. Compared to conventional till-
age, reduced- and no-tillage systems increased net returns from $62 to $76/ 
acre. Reduced- and no-tillage systems decreased preplant costs for land 
preparation and herbicides, ranging from $13 to $20/acre compared to 
conventional tillage. 
Tillage systems did not influence maturity of rice, total milled or head 
rice yields, 1000-grain weight or seed germination. 
Conventional applications of herbicides controlled grass and broadleaf 
weeds in conventionally tilled and no-till soybeans. However, in low-input 
reduced tillage plots (treatment 4), weeds, including slender aster, horse-
weed and fall panicum, were present. Volunteer rice that infested no-till 
plots in 1991 was not controlled by grass-active herbicide applications. 
For the two years, soybean yields averaged from 32 to 37 bu/acre for 
the different tillage systems. No-till plots yielded comparably to conven-
tionally tilled plots. Only plots that received the low-input reduced tillage 
treatment (treatment 4) yielded significantly less than conventionally tilled 
soybeans (31 vs 37 bu/acre). Weeds present at crop maturity probably 
reduced yields. Net returns were not significantly different for the tillage 
systems; they ranged from $25 to $51/acre for the reduced- and no-till 
systems, to $28/acre for conventionally tilled soybeans. Compared to con-
ventionally tilled soybeans, reduced and no-till systems significantly low-
ered the total costs of production from $23 to $31/ acre. 
SIGNIFICANCE OF FINDINGS 
Reducing the number of tillage operations or no-tillage using glyphosate 
resulted in lower rice production costs, adequate weed control, comparable 
grain yields and higher net returns when compared with conventional till-
age. In soybean, conventional, reduced- and no-tillage systems provided 
comparable stands, weed control, yields and net returns. Effective weed 
control and less land preparation and other production costs should make 
conservation tillage in Arkansas rice and soybeans feasible and perhaps 
more profitable than conventional tillage. 
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IDENTIFYING THE CAUSES OF POOR RICE 
GROWTH ON PRECISION-GRADED SOILS 
David M. Miller and Bobby R. Wells 
ABSTRACT 
Various rates of chicken litter (CL) and composted chicken litter (CLC) 
were applied to test plots in three recently graded fields (Jackson County, 
Arkansas; Lawrence County, Arkansas; and the Rice Research and Exten-
sion Center (RREC), Stuttgart, Arkansas) and one ungraded field (RREC). 
While there was a tendency for rice grain yields to increase with increased 
rates of CLC at the Jackson and Lawrence County sites, none of the CLC 
treatments was significantly different from the fertilized but otherwise 
unamended controls. At the recently graded RREC site, low application 
rates ( < 1000 lb/acre on a dry weight basis) of CL and CLC did not 
significantly increase rice grain yields when no additional N was applied but 
did significantly increase yields when applied in conjunction with Nat rates 
· ranging from 40 to 120 lb/acre. At 0 and 40 lb N/acre, yields generally 
increased as the rate of applied CL or CLC increased, while at higher N 
rates yields declined at the highest rates of CL and CLC. Overall, the 
greatest yields were obtained when 2679 lb/acre of either CLC or CL were 
applied along with 120 lb N/acre as urea. At the ungraded site, there was 
no consistent response to CL or CLC at rates up to 2000 lb/acre when N 
was added at rates of 40 to 120 lb/acre. There was a significant response to 
these materials when no N was applied, however. 
On undisturbed soils adequately fertilized with N, application of either 
CL or CLC is not likely to significantly increase rice yields. However, 
significant increases are likely when these materials are applied to disturbed 
soils at rates up to 3000 lb/acre, regardless of how much supplemental N is 
applied. 
INTRODUCTION 
Precision grading frequently exposes subsoil materials that are infertile 
and difficult to manage. Routine soil test results often are unable to 
pinpoint the causes of this infertility. However, a feature common to many 
soils that have been disturbed by grading is an extremely low organic matter 
content. There are numerous published reports that indicate that the pro-
ductivity of soils disturbed by stripmining operations may be improved by 
the addition of animal manures. It was with this in mind that we began 
looking in 1989 for ways to increase rice yields on recently graded soils. 
Broiler litter and broiler litter compost were selected as organic amendments 
because of their abundance in Arkansas. 
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The data presented in this paper were generated in 1991, the third year 
of the project. Specific results from the research conducted in 1989 and 
1990 will not be presented here. However, our conclusions are based on 
results acquired over three growing seasons. 
PROCEDURES 
Treatments (four replications) at the Jackson and Lawrence County, 
Arkansas, sites consisted of 0 (control), 250, 500 and 1000 lb CLC (dry 
weight basis) per acre applied preplant to 6 ft x 15 ft plots and incorporated 
to a depth of 2-3 in. At the Jackson County site, 'Tebonnet' was planted on 
29 May on a Foley silt loam soil that had been put to grade in 1988. At the 
Lawrence County site, Tebonnet was planted on 19 May on a Foley-
Calhoun complex that had been put to grade in 1989. At each of these sites 
water management, weed control and fertilization were the responsibility of 
the cooperating producer. The Jackson County site was harvested on 7 
October while the Lawrence County site was harvested on 27 September. 
Treatments (four replications) at the two RREC sites are listed in 
Tables 1 and 2. 'Lemont' was planted on an undisturbed Crowley silt loam 
soil on 13 May while Allen was planted on 23 May on a Crowley silt loam 
that had been put to grade in 1989. On the undisturbed Crowley, urea was 
applied preflood, while on the graded Crowley, urea was applied preplant. 
Harvest was on 18 September and 9 September for the graded and ungraded 
sites, respectively. Rice yields at all field sites are reported on a 13 % 
moisture basis. 
In a greenhouse study, Lemont rice was grown for 8 weeks in pots 
containing sand that had been amended with the equivalent of 0, 3, 6 and 9 
tons CLC/acre. A dilute nutrient solution was used to water and then flood 
the pots. At the end of 8 weeks, the weights and chemical compositions of 
the rice plants were measured. 
RESULTS AND DISCUSSION 
Results of the Jackson and Lawrence County tests are shown in Fig. 1 
and 2, respectively. While there is a tendency at both sites for the yields on 
compost-amended plots to be greater than those of the controls, statistical 
analysis of the data indicates that we cannot be extremely confident that 
these results are "correct" because of a high degree of variability among the 
replications of a given treatment. This lack of confidence is represented by 
the high LSD values. If the difference between two treatment yields is less 
than the LSD, then we cannot confidently say that the yields of these two 
treatments are actually different. With this in mind, the data in Fig. 1 and 
2 may be summarized by saying that while there was a tendency for addi-
tion of compost at all rates to increase rice yields relative to the control, the 
high degree of variability at these sites makes it difficult to draw definitive 
conclusions. Note that the 4738-lb/acre rice yield associated with the 1000-
lb CLC/acre treatment at the Jackson County site is very close to being 
significantly different from that of the control (Fig. 1). 
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Rice yields from the experiment conducted on the ungraded Crowley at 
RREC are shown in Table 1. In general, the addition of either CL or CLC 
increased yields relative to the unamended control only at low rates of 
applied nitrogen. When no urea was applied, for example, significant yield 
increases relative to the control were observed for the 1000- and 2000-lb 
CL/acre and 2000-lb CLC/acre treatments. At 80 lb N/acre, on the other 
hand, none of the treatment yields was significantly different from that of 
the control. Application of 120 lb N/acre tended to depress yields below 
those obtained at 80 lb N/acre, although the highest yielding treatment in 
the entire test at 6598 lb rice/acre was 120 lb N/acre plus 1000 lb CL/acre. 
Rice yields from the experiment conducted on the graded Crowley at 
RREC are shown in Table 2 and in Fig. 3. In contrast to the results 
obtained on the ungraded soil, significant increases in yields relative to the 
control were obtained with both CL and CLC treatments at all levels of 
applied N. Of particular significance were the yields associated with CL 
and CLC application rates of 2679 lb/acre and below at 120 lb N/acre. 
While the highest yields at this N rate were achieved with the application of 
2679 lb/acre of either CL (6128 lb rice/acre) or CLC (5897 lb rice/acre), 
highly significant increases in yields relative to the control were obtained at 
lower litter application rates. For example, a yield of 5944 lb rice/acre was 
obtained at a CL application rate of 893 lb/acre, while yields of 5745 and 
5661 lb rice/acre were obtained at CLC application rates of 298 and 595 lb/ 
acre, respectively. In summary, the data in Table 2 indicate that low rates 
of CL or CLC are more likely to be effective in restoring productivity to 
graded soils when the soil has also been fertilired with adequate nitrogen. 
Three additional observations support the hypothesis that the yield 
response to CL and CLC on the graded soil is due to improved phosphorus 
(P) nutrition. First, the soil test P level of this soil was 12, as compared 
with 44 on the uncut soil. Second, a treatment consisting of 20, 60, 20 and 
1 lb/acre, respectively, of P, K, S and Zn produced a yield of 5780 lb rice/ 
acre at an N application rate of 120 lb/acre, a yield that was comparable to 
the highest yields obtained with CL and CLC treatments (Fig. 4). Finally, 
the sand culture experiments conducted in the greenhouse showed that both 
CL and CLC were excellent sources of plant-available P (data not shown). 
SIGNIFICANCE OF FINDINGS 
Both CL and CLC are effective in restoring productivity to low-fertility 
subsoil materials exposed by grading. However, these materials are not 
unique in their ability to improve rice yields on these soils. Improvements 
in yields on graded soils have also been observed with additions of phos-
phorus, zinc and gypsum. In general, the effectiveness of these inorganic 
amendments is enhanced when they are applied in conjunction with either 
CLorCLC. 
The optimum CL or CLC application rate appears to differ from situa-
tion to situation. While we have been able to document significant yield 
responses at CL and CLC rates of less than 1000 lb/acre (dry weight basis), 
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we have obtained more consistent results with rates in the 1000-2000 lb/ 
acre range. In addition, there is a trend toward increased yields as the litter 
application approaches 1.5-2 tons/acre. This is not to say that low applica-
tion rates of either CL or CLC will never be effective. This year's data 
clearly indicate that low rates of CL or CLC are more likely to be effective 
when adequate N fertilizer has been applied. 
Our recommendations concerning the use of CL or CLC on graded 
soils may be summarized as follows: 
1. Before buying CL or CLC, make sure that you do in fact have a 
problem soil, because at this point it is only on problem soils that 
litter usage is economical. Problem soils are those that consistently 
exhibit low productivity, regardless of how you manage them. 
You are likely to encounter such soils when any of the Delta sands 
or silt loams is put to grade, with the severity of the problem 
increasing with depth of cut. 
2. Prior to adding CL or CLC to the problem soil, have the soil 
tested. If there are any obvious nutrient deficiencies, add these 
nutrients in addition to the CL or CLC. If excessive sodium is a 
problem, consider adding gypsum. 
3. Amend problem soils with either CL or CLC at a rate of 1000-
2000 lb/acre (wet weight basis). Use the 1000-lb/acre rate if the 
material is dry (10-15 % moisture), or higher rates if the material 
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Fig. 1. Effect of compost application rate on rice grain yield, 
Jackson County, Arkansas, 1991, disturbed aoll. 
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Fig. 2. Effect of compost appllcatlon rate on rice grain yields, 
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Fig. 3. Effect of litter (composted and fresh) application rate on rice grain yields 
at four levels of applied nitrogen, Rice Research and Extension Center, 
Arkansas County, Arkansas, 1991, disturbed aoll. 
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Fig. 4. Effect of nitrogen application rate and various organic and Inorganic 
amendments on rice grain yleld, Rice Research and Extension Center, 
Arkansas County, Arkansas, 1991, disturbed soll. 
Table 1. Rice response to nitrogen, chicken litter and chicken litter compost 
applied to Crowley sllt loam soll, University of Arkansas Rice Research and 
Extension Center, Arkansas County, Arkansas, 1991. 
Treatment Grain Yield at N aRRlication rate of 
CL1 CLC2 03 40 80 120 
b/acr 
0 0 4072 5396 6045 5767 
500 0 4543 5334 6110 5881 
1000 0 5044 5160 6261 6598 
2000 0 5140 5896 6065 5673 
0 500 4367 5944 5965 5961 
0 1000 4569 6036 5701 5960 
0 2000 5129 5747 6060 6003 
LSD_05(within columns) 632 
LSD O!i(within rows) 370 
1CL = chicken litter. 
2CLC = chicken litter compost. 
3Pounds per acre of N as urea. 
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Table 2. Rice response to nitrogen, chicken litter and chicken litter compost 
applled to a recently graded Crowley sllt loam soil, University of Arkansas 
Rice Re ... rch and Extension Center, Arkansas County, Arkansas, 1991. 
Treatment Grain Yield at N a~~lication rate of 
CL1 CLC2 r,3 40 80 120 
b/acr 
0 0 1490 2570 3901 4515 
893 0 1836 3905 4654 5944 
2679 0 4223 4705 5670 6128 
5358 0 5479 5914 5818 5565 
8037 0 5287 4982 4306 5040 
0 298 1894 2880 4553 5745 
0 595 1841 3218 4950 5661 
0 2679 3869 4596 5573 5897 
0 8037 4862 5202 5295 4381 
LSD_O!!(within columns) 872 
LSD 05(within rows) 267 
1CL = chicken litter. 
2CLC = chicken litter compost. 
3Pounds per acre of N as urea. 
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TEMPORAL VARIABILITY OF SELECTED SOIL 
PROPERTIES DUE TO RICE CROPPING 
H. Don Scott 
ABSTRACT 
Quantification of the relationships between short- and long-term vari-
ability of soil properties is needed in order to understand the effects of 
cropping on soils and soil behavior. A study was conducted to determine 
the effects of cropping on the short- and long-term variability of selected 
soil properties of a loessial soil. Four adjacent fields were used for the 
study and included a prairie that had never been cropped and three fields 
that had been cultivated for 3, 14 or 32 years, respectively. The fields were 
frequently sampled during the year. The soils, which had a similar particle 
size distribution near the surface, were in the same association. Undis-
turbed and disturbed soil samples were collected at SO-ft intervals and at 
depth intervals of 0-2 and 2-4 in. at each sampling time. Soil physical 
properties determined on the undisturbed soil samples included saturated 
hydraulic conductivity (Ksat), bulk density and total porosity. Particle size 
distribution, particle density, total carbon content, water retention and soil 
solution pH were determined from disturbed samples of soil. The statistical 
analyses indicated that the properties of Crowley and Calhoun soils vary 
with duration of cropping (long-term variability), depth interval and sam-
pling time within a year (short-term variability). For most soil properties 
the variability was lowest in the prairie and increased with cropping. The 
losses of total carbon due to cropping were closely associated with the 
changes in these soil properties. 
PROCEDURES 
The study was conducted on the Fred Seidenstricker farm, which is 
located south of Hazen in Prairie County, Arkansas. The soil is in the 
association of Crowley and Calhoun series and has poor internal drainage. 
The texture in the surface area is silt loam. 
Four adjacent fields were sampled, including a prairie and three fields 
that had mostly been in rotation of rice, soybean and wheat for 3, 14 and 32 
years, respectively. The soil samples were collected along a transect at SO-
ft intervals and at depth intervals of 0-2 and 2-4 in. Undisturbed and 
disturbed samples of soil were collected, and properties of saturated hydrau-
lic conductivity, bulk density, total porosity, total carbon and pH were 
determined. The statistical analyses of each soil property involved three 
factors (cropping duration, depth interval and sampling time) and two types 
of analyses. Short-term variability refers to the alteration of the soil proper-
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ties due to sampling time during the year, i.e. March, May, June. Long-
term variability of the soil properties refers to the variability due to various 
cropping durations. Only the data obtained during March were used in 
these latter analyses. 
RESULTS AND DISCUSSION 
Visual observations indicated that almost all of the large pores in the 
undisturbed samples in the prairie appeared to be formed by earthworms, 
owing to the presence of cast material and the lack of decomposing crop 
root tissue. Some small pores were formed by decomposing grass roots, 
but most appeared to be earthworm holes. In the three cultivated fields, 
however, natural soil cracks or fragments of undecomposed organic materi-
als such as roots and stems markedly affected the values of the soil proper-
ties. There was a noticeable absence of earthworms and their holes near the 
surface in the cultivated fields. 
The ability of soil to transmit water in the form of rainfall or irrigation 
was measured by Ksat. The statistical analyses indicated that Ksat de-
creased with cropping duration and depth in the profile. Values of Ksat 
were highest in the prairie and lowest in the field that had been in rice and 
soybeans for over 30 years. Thus, movement of water through the intensely 
cropped field was severely restricted; this is an advantage from a rice 
perspective where restrictions of soil water movement decrease water usage. 
It is a disadvantage from a soybean perspective where the movement of 
water in and through the soil profile is much more important for maintain-
ing proper soil aeration. 
For bulk density and total porosity determination, the main effects of 
cropping duration, depth interval and sampling time and the interactions 
between cropping duration and sampling time were highly significant. These 
soil properties are measures of compaction and usually are indirectly re-
lated. The greatest bulk density was found in the field that had been 
cropped for over 30 years; the lowest was in the prairie. When averaged 
over all fields and sampling times, bulk density was higher in the 2- to 4-in. 
depth interval than in the 0- to 2-in. depth interval. Total porosity was 
highest in the prairie and lowest in the 30 + years cropped field. 
Total carbon was significantly affected by the main factors of cropping 
duration, depth interval and the interaction between cropping duration and 
depth interval. Over time, cropping resulted in a decreased total carbon 
content in the cultivated fields, since the permanent plant cover normally 
associated with the virgin prairie was lost. Cropping results in an increase 
in soil temperature and oxygen in the soil, thereby increasing the decompo-
sition rates of crop residues and residual humus in the soil. Also, the 
harvest of rice, soybean and wheat results in less residue returned to the 
soil. 
The means of total carbon in the four fields and two depth intervals 
were linearly regressed with the other soil parameters. The relationships 
are given in Table 1 and show that variations in total carbon alone could 
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explain most of the variations in Ksat, bulk density, total porosity and 10 
kPa water retention. As total carbon decreased with cropping, dee~ 
were found in Ksat, total porosity and 10 kPa water retained and increases 
with bulk density and pH of the soil solution. 
SIGNIFICANCE OF FINDINGS 
The temporal variability of selected properties of a loessial soil w~ 
determined. Cropping duration and sampling time had significant ~ffecfs on 
all of the properties analyzed. Depth interval was significant with all 
properties except pH. The magnitude of the temporal variability differed 
among the soil properties and whether the long- or short-term perspective 
was considered. In general, long-term variability was larger than ~ort-
term variability for Ksat in the 32-year field; for pH, bulk del\Sity ~d total 
porosity in the prairie; and for total carbon content in the 14 and 32-year 
fields. Temporal changes of soil properties such as increased soil sohJtion 
pH up to an optimum pH are beneficial whereas other changes such as 
increases in bulk density and decreases in Ksat, total porosity, total carbon 
content and the ability to retain or store water generally are considered to be 
detrimental to maximum crop production. Losses of carbon in the soij dtJe 
to cropping of rice, soybean and wheat were closely associated with the 
changes in these soil properties. 
Table 1. Unear relatlonahlpa between selected aoll properties 
and total carbon content In the aoll. 
Dependent variable 
log Ksat (x 105) 
Bulk density 
Porosity 
pH in CaCl2 
10 kPa Water Retained 
1500 kPa Water Retained 
Intercept Slope 














RICE RESPONSE TO PHOSPHORUS 
FERTILIZATION ON SOILS TESTING 
LOW IN PHOSPHORUS 
R.J. Nonnan, C.A. Beyrouty, D.M. Miller, P.A. Moore, 
Y.H. Teo and N.A. Slaton 
ABSTRACT 
Field and greenhouse tests were conducted to measure the response of 
rice to phosphorus (P) fertilization on soils testing low for P. Rice yields 
were significantly higher with a 40-lb/acre application of P to a Crowley 
soil in Arkansas County, Arkansas, but were not affected by P applications 
up to 80 lb/acre on a Hillemann soil in Cross County, Arkansas. Green-
house studies showed that P fertilization rates of 40 lb/acre or less may 
result in growth increases of rice on some soils testing low for P. 
INTRODUCTION 
Phosphorus is generally not recommended on flood-irrigated rice be-
cause of the high levels of soil P solubilized under anaerobic conditions. 
However, in 1990 an evaluation of four soils testing below 22 lb P/acre 
showed a yield response to P fertilizer at the 20-lb/acre rate on three of the 
soils (Beyrouty et al., 1991). We have continued our survey of identifying 
potential P-responsive soils in an attempt to determine if a relationship 
exists between various measures of soil P content and response of rice to 
added P. The ultimate goal of this research is to predict on which soils rice 
is likely to respond to P fertilization and to select an appropriate soil test 
that will accurately allow this prediction. 
PROCEDURES 
Field tests were conducted in which rice response to rates of P was 
evaluated. The two soils selected for this study were the Crowley silt loam 
in Arkansas County, Arkansas, and the Hillemann silt loam located in Cross 
County, Arkansas. These soils tested 10 and 16 lb/acre of P, respectively, 
using the Mehlich III extractant and were among the lowest-testing soils on 
which rice was grown in Arkansas in 1991. Soybeans were grown on both 
fields in 1990. 
The rice cultivars 'Tebonnet' and 'Katy' were drill seeded on the 
Crowley and Hillemann silt loams, respectively, at approximately a 90-lb/ 
acre rate in mid- to late-May. 
At the 4- to 5-leaf stage, P was applied preflood at 0, 20, 40, or 80 lb/ 
acre as triple superphosphate (0-46-0). The statistical design was a random-
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ized complete block with six replications. Plots nine rows wide (7-in. 
spacing) by 15 ft in length were flooded immediately after P application and 
the flood maintained until maturity. Weed and disease control and N 
fertilization for each test site were identical to those for the surrounding 
fields and managed by the respective rice producers. At maturity, the 
center four rows of each plot were hand harvested, the dry weight and 
moisture content of the grain were determined, and yields were calculated at 
12 % moisture. Statistical analyses were conducted using SAS. 
Two greenhouse studies were also conducted to determine if responses 
could also be measured under short-term controlled-environment conditions. 
In a study to evaluate P response in three soils, approximately 6.6 lb of 
either the Crowley silt loam or the Hillemann silt loam sampled from Cross 
County (Hillemann I) and Poinsett County (Hillemann II) (Beyrouty et al., 
1991) was fertilized with triple superphosphate at rates equivalent to 0, 4.5, 
9 or 36 lb P/acre. The soils and fertilizer were uniformly mixed and packed 
into 1-gal pots. Pots were seeded with the rice cultivar Katy. At the 3-leaf 
stage, pots were thinned to five plants, fertilized with urea at the rate of 150 
lb/acre and flooded. Plants were harvested four weeks after emergence, and 
plant tissue was dried at 40 C for 48 hr and weighed. The design was a 
randomized complete block with four replications. Statistical analyses were 
conducted using SAS. 
The second study was conducted to evaluate P response variability 
within a field. Four separate composites of the Hillemann were taken from 
different locations in a field in Poinsett County. Approximately 2.2 lb of 
each composite was fertilized with triple superphosphate at rates equivalent 
to 0, 40 or 80 lb P/acre and KCl at the 40-lb K/acre rate. The soils and 
fertilizer were uniformly mixed and packed into pots. Pots were seeded 
with the rice cultivar 'Newbonnet' and thinned to four plants upon emer-
gence. Six days after emergence pots were fertilized with urea at the rate 
equivalent to 120 lb N/acre and flooded. Plants were harvested six weeks 
after emergence. Plant tissue was dried at 40 C for 48 hr and weighed. 
The design was a randomized complete block with four replications. Statis-
tical analyses were conducted using SAS. 
RESULTS AND DISCUSSION 
Results from the field study showed a significant response to P fertili-
zation on the Crowley silt loam only (Table 1). Compared to the non-
fertilized control, application of 40 lb P/acre resulted in a 12 % yield 
increase. This response contrasts with results from the previous year when 
no yield increase was noted following P fertilization to a Crowley silt loam 
(Beyrouty et al., 1991). Although not statistically significant, there was a 
trend for a yield increase at the 20-lb/acre rate on the Hillemann silt loam. 
It is interesting that yields actually decreased at higher rates of P. 
Phosphorus fertilization resulted in dry weight increases on two of the 
three soils studied in the greenhouse (Table 2). A 63 % increase in dry 
weight was measured on both Hillemann soils in response to the application 
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of 36 and 9 lb P/acre, respectively. Although a yield response was found in 
the field on the Crowley, no dry weight response was measured in the 
greenhouse. 
Although variability in the magnitude of dry weight response to P 
fertiliz.ation was measured on the four composites of the Hillemann II, the P 
rate at which the response occurred was the same (Table 3). Dry weights 
were significantly increased at all four locations within the same field at the 
40-lb/acre rate of P. 
SIGNIFICANCE OF FINDINGS 
Results from these studies confirm that responses to P fertiliz.ation by 
rice may be expected on some soils. However, the consistent identification 
of P-responsive soils is the ultimate goal of this research. We will compare 
several soil tests with yield responses to P application in the field to deter-
mine the best method for making P fertilizer recommendations. 
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Table 1. Yield reaponN of rice to four rates of phosphorus fertlllzer 
applied to two soils In the field In 1991. 
Phosphorus Ra.te Crowley Hillemann 
b/act 
0 6798 b1 5348 ab 
20 7162 ab 5842 a 
40 7698a 5075 b 
80 7015 ab 5133 b 
LSD (0.05) 833 698 
1Means followed by the same letter within a soil are not significantly different at P "" 
0.05. 
120 
ArucANsAS RicE REsEARcH STUDIES 1991 
Table 2. Dry matter reaponae of 'Katy' to four rates of phoaphorua fertilizer 







Crowley Hillemann 11 
/po 
0.75 a 0.54 a 
0.98 a 0.47 a 
0.75 a 0.54 a 






1Hillemann I was from Cross County and Hillemann II was from Poinsett County. 
Table 3. Dry weight reaponae of 'Newbonnet' to three rates of phoaphorua 
fertllizer applied to four different compoaltea of the Hlllemann II aoli. 
Location1 
Phosphorus rate A B C D 
lb/acre /pot 
0 1.1 b2 1.3 b 1.1 C 0.7 b 
40 2.9 a 3.1 a 4.1 b 2.4 a 
80 3.5 a 3.4 a 4.9 a 2.9 a 
1Locations A, B, C and D represent four different composite samples of the Hillemann 
soil taken from the same field. 
2Means followed by the same letter within a soil are not significantly different at P = 
0.05. 
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RICE PRODUCTION MANAGEMENT 
SUPPORT SYSTEM 
Thomas A. Costello, James A. Ferg~n, Bob R. Wells, 
Ronnie S. Helms, Paul A. Counce, Rick J. Norman 
and Edward 0. Fryar 
ABSTRACT 
The concepts of artificial intelligence have been applied to rice produc-
tion management through the development of an expert system for weed 
management in rice. The software, called "RiceWeed," has been tested by 
experts in rice-weed management at the University of Arkansas and will be 
pilot tested by county agents and growers through the Cooperative Exten-
sion Service in 1992. The system is farmer-friendly and provides efficient 
access to targeted information depending upon the specific conditions in an 
individual grower's field. Economic analyses are provided for decision-
support. A similar module is nearly completed for assisting in rice fertility 
management. These and other tools will be integrated into a comprehensive 
management package for growers. 
INTRODUCTION 
Computer-based tools could assist the rice grower in planning, trouble-
shooting, economic decision-making, scheduling and record keeping. Spe-
cifically, the economics of production could be enhanced with such tools by 
a) optimizing resource utilization by designing systems based on long-term 
simulation results, b) optimizing yields by proper timing of field opera-
tions, c) protecting crop investment by identifying and managing pest and 
nutrition problems and d) eliminating unnecessary expenses by identifying 
and eliminating marginal chemical applications. Given these potential ben-
efits to the grower and the environment, this project was set up with the 
following objectives: 
1. To develop and maintain a series of expert system modules to assist 
rice producers in diagnostics, decision-making and planning. 
2. To integrate these modules into a comprehensive package of personal 
computer-based management tools for the rice grower, including 
the various expert systems with additional capabilities such as "what-
if" simulation, scheduling and record-keeping. 
PROCEDURES 
Initial efforts have been focused on developing a prototype expert 
system for rice weed management. The user-interface and data-file struc-
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ture from this initial system has provided a working platform for accelerated 
development of a more recent module on fertility. Future modules on 
harvest management, disease management, insect management, water man-
agement and stand establishment are planned. For each module, experts are 
queried regarding decision-making logic. Research results are used to 
support economic analyses. Logic is coded in rules using a commercial 
expert system shell. Input and output routines are coded using an advanced 
programmer's toolbox. Economic analyses are presented in spreadsheet 
format. Software usage is supported by on-line, context-sensitive help 
messages and an on-line user's guide. Individual modules will be tested and 
released as stand-alone products. An integrating environment, under devel-
opment, will unify the entry point for all modules and allow for uniform 
input-output style and shared databases. The integrated system will include 
a graphics-based calendar for scheduling and record-keeping. Cooperative 
efforts with other rice-growing states have been initiated to eliminate dupli-
cation of effort, to insure that the most current science is utilized and to 
speed development and delivery of usable products to rice growers. 
RESULTS AND DISCUSSION 
A test-version of RiceWeed was presented to selected county agents, 
consultants and growers in the fall of 1990 for evaluation of the user-
interface and the information delivery format. Based upon positive feed-
back regarding the software design, efforts in 1991 concentrated on expand-
ing and improving the knowledge-base that summarizes the experts' logic. 
The current version has been sent to the Cooperative Extension Service for 
pilot-testing in 1992. 
A total of over 900 rules were written to define the feasibility of nearly 
50 different weed management recommendations within RiceWeed. Feasi-
bility is dependent upon the specific rice variety, weed species complex, 
rice and weed development stage, water management options available and 
other factors existing in an individual field. Given a list of feasible options, 
the user is then given economic information to assist in deciding which 
alternative to choose. The economic analysis utilizes a rice-weed yield 
reduction model that was developed specifically for this software in coop-
eration with Dr. Roy]. Smith, Jr. (USDA/ARS, Stuttgart, Arkansas). For 
each alternative, the net economic return is estimated in dollars per acre. 
This information, vital in today's competitive markets, is available only 
through the RiceWeed program. 
The significant effort invested in the development of RiceWeed is 
paying off in accelerated development of additional expert system modules. 
In less than a year, the logic for rice fertility management has been coded in 
rule-form and can be accessed in a user-friendly program. The system 
includes the latest research results and University recommendations regard-
ing nitrogen fertilizer applications. It also handles other fertility questions 
and guides the user through diagnostic procedures, including the need for 
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possible soil testing. Currently, the module is being modified to provide 
economic information. 
The latest research results regarding rice harvesting from Dr. Terry 
Siebenmorgen' s work are being readied for the expert system format. A 
harvesting module is planned that will assist in selecting the optimal timing 
of harvest and help suggest the best settings for the combine. Economics 
will be included whenever possible to illustrate effects of various manage-
ment decisions (for example, the ground speed of the combine affects both 
grain losses and time needed to harvest). 
Cooperative efforts with Dr. Fleet Lee at Stuttgart are underway to 
refine the database for rice disease development, impact on rice yields and 
responses to disease management techniques. During the summer of 1991, 
a sheath blight experiment was set up to study the rate of development and 
response to fungicides for differing disease inoculation levels and different 
micro-environments. This information is a pre-requisite to a disease expert 
system that will support economically based decision-making. 
A physiologically based mathematical model of rice growth has been 
developed and is undergoing continued refinement. The model, called 
ARMOD (the Arkansas Rice Model), can simulate growth and development 
of the crop as a function of variety, soil type, weather and management 
variables. Plans are to utilize this model within the management package as 
a "what-if" tool to test proposed management strategies and production 
systems. In order to perform this function, the model must accurately 
reflect the real crop's response to the various environmental, nutritional and 
pest stresses. Hence, an acceptable version of the model will effectively 
summarize our quantitative understanding of the crop. This longer-term 
objective is currently focused on accurately representing the processes of 
photosynthesis and soil-nitrogen transformations. 
An electronic weather station has been maintained at the Rice Research 
and Extension Center in Stuttgart, Arkansas, to record hourly values of air 
temperature and relative humidity, wind speed and direction, solar radia-
tion, soil temperature and precipitation. Studies of climatic sensors have 
been published. The climatic database is utilized in predicting crop growth 
and development. 
SIGNIFICANCE OF FINDINGS 
The potential of expert systems to assist rice producers has been dem-
onstrated with the initial release of RiceWeed. The need to provide timely 
and pertinent information to growers is paramount. Computer-based tools 
can be rapidly modified and distributed. Information is targeted to specific 
field conditions in a format that is quickly accessed and utilized. Expert 
systems technology will help improve the grower's management abilities 
and will promote continual improvement in production efficiency as neces-
sitated by the competitive world rice market. 
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IMPROVEMENT IN DISTRIBUTION 
OF AERIAL- AND GROUND-APPLIED 
GRANULAR MATERIALS 
Joel T. Walker, Dennis R. Gardis.B- and Bill M. Barnes 
ABSTRACT 
Twelve agricultural aviation workshops were held during 1991 for the 
purpose of calibrating fertilizer application equipment and gathering data on 
the performance of various application equipment. Computer analysis of 
granular distribution uniformity was performed on a total of 150 passes by 
numerous aircraft. Physical properties of several typical urea fertilizer samples 
were measured. Particle size distribution, particle mass and terminal veloc-
ity were determined. Modeling efforts indicate that significant changes in 
the distribution pattern can occur when the range of particle size changes. 
Several aircraft and spreader combinations were evaluated to determine the 
airspeed through each vane of venturi type spreaders. Vane airspeeds vary 
dramatically with location, aircraft loading, aircraft type, wind direction 
and spreader type. 
INTRODUCTION 
The authors have been working with aerial application equipment for 
over eight years. This has been a cooperative effort among the University of 
Arkansas Agricultural Experiment Station, Cooperative Extension Service 
and agricultural aviators. During that time, equipment and procedures for 
measuring the uniformity of fertilizer deposition have been refined, allow-
ing for quite accurate measurements. In the process of testing numerous 
aircraft/spreader combinations over the years, the authors have learned of 
the inherent problems in the equipment and how to best compensate with 
mechanical adjustments. Most aerial equipment can be adjusted to provide 
acceptable distribution patterns (coefficient of variation (CV) of deposition 
samples of less than 15 % ). However, many variables (such as wind velocity 
and direction, particle size, shape and density, as well as the basic aircraft/ 
spreader design) are outside the researchers' control and do significantly 
affect the uniformity of distribution. Modeling of the particle paths from 
spreader to ground has proved that wind and particle characteristic effects 
do exist. Work this year concentrated on gathering more data from current 
equipment (particularly on the new or retrofitted turbine aircraft) and on 
measuring spreader airflow and fertilizer particle properties. These data are 
required to improve the accuracy of particle trajectory modeling. The ulti-
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mate goal is to determine guidelines for optimum application of granular 
materials under a variety of conditions and granular materials. 
PROCEDURES 
Calibration workshops were held as described in past years. Recent 
modifications to computer equipment and software allowed more rapid data 
analysis. 
To study the effects of particle size and wind on the deposition pattern, 
a computer model (Walker and Gardisser, 1988) was used. This model uses 
a symmetrical venturi spreader design and was capable of simulating the 
effects of aircraft velocity, aircraft speed, aircraft height, wind velocity and 
wind direction. The effects of "prop blast," turbulence and vortices were 
not yet included in this model. Particle parameters included particle size 
distribution, particle mass and terminal velocity. Particle size distributions 
of several samples of urea were obtained by standard sieving practices using 
a set of #6, #8, #12, #16, #20 and #30 Tyler sieves. The average particle 
mass was obtained by weighing 100 particles from each of the sieve samples. 
Terminal velocity of particle size classes was obtained from an elutriator. 
The model was used to simulate aerial swath deposition from four 
different urea particle sizes including particles from a #6, #8, #12, #16 
Tyler sieve and with three different urea particle size mixtures including 
particle sizes from #6/#8, #6/#8/#12 and #8/#12 Tyler sieve combinations. 
These combinations are based on urea particle sizes and particle size distri-
butions from 1-gal samples taken from locations of various calibration 
workshops in Arkansas during 1991. 
The model simulated fertilizer particles being spread at 100 mph and 
released from an elevation of 35 ft. The model assumed a flow rate of 22 lb/ 
sec into a 13-vane spreader with equal material and air flow into each vane. 
This flow rate would be equivalent to 110 lb/acre on a 60-ft swath width. 
The wind speed was simulated at values between 0 mph and 20 mph in 5-
mph increments at each of five wind directions. The wind direction was 
simulated between O" (head wind) and 180" (tail wind) in 45° intervals. 
To determine the actual flow of air through spreaders and thus predict 
particle velocities, airspeed measurements were made. An instrument placed 
in the aircraft recorded air velocity sensed by two pitot tubes, one of which 
was normally used to provide the aircraft speed indication. The other pitot 
tube was placed at various locations in the front and rear vanes of the 
spreaders tested. Periodically, data were downloaded to a portable com-
puter. Each set of data was then analyzed by plotting airspeed vs time. 
RESULTS AND DISCUSSION 
From the modeling effort we found that the ideal swath width decreases 
with a decrease in particle size. Lighter particles cannot be thrown as far as 
heavier particles. Figure 1 shows that as particle size decreases from #6 to 
#16, the ideal swath width drops from 48 to 33 ft while the coefficient of 
variation (CV) remains relatively constant. This trend also occurs with 
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mixtures of particle sizes as the average particle siz.e decreases. The ideal 
swath width is the widest practical swath width that produces the lowest 
CV. Therefore, there is an ideal swath width for each individual particle 
siz.e or mixture. Thus, it would be possible for the agricultural aviator to 
properly calibrate the airplane spreader at the optimum swath width for one 
sample of urea and then spread a different sample of urea whose ideal swath 
varied as much as two steps and in the process increase the CV by as much 
as 15 percentage points. This is shown in Fig. 2 where the swath width was 
held at 42 ft and the CV determined from the resulting pattern. If the 
equipment was calibrated for the #6/#8/#12 mixture, the distribution pattern 
would be quite uniform. However, other materials would be less uniformly 
distributed, and materials having predominantly #12 or #16 particles would 
have quite unacceptable variations in deposition rates. This points to the 
need for standards for granular material properties and quality control. 
The modeling further indicated that a tail/head wind combination should 
produce reasonable results if the agricultural aviator must fly in a wind. A 
90" cross wind is the next best choice, but the cross wind tends to increase 
the CV as well as narrow the pattern at the higher wind speeds. A 45° 
quartering wind produces a slightly worse pattern than either of the other 
choices because it combines the effects that increase coefficient of variation 
of both the head/tail wind and the cross wind. Even though a cross wind 
can have a more uniform pattern, the swath width must be narrowed at wind 
speeds higher than 10 to 15 mph to maintain good deposition uniformity. In 
every case, increasing wind speed caused less uniformity of distribution. 
There is a lot of difference in the airspeeds through individual vanes of 
venturi type spreaders used on agricultural aircraft. Figure 3 is an example 
of the airflows measured in the spreaders. This particular spreader was 
affected significantly by "prop-wash,• which showed up as a greater air 
velocity in the right-center vanes. Air flow through the spreader changes 
dramatically with material flow rate, direction of prevailing wiild with 
respect to direction of flight and wing loading. Knowing which vanes have 
the highest/lowest airspeeds should prove useful for modeling work and/or 
field recommendations during pattern workshops. Correlation of high and 
low airspeed areas may help explain high or low deposits if they occur in 
the same pattern area during distribution evaluations. These data will be 
helpful in future efforts to design spreaders. Inlet/outlet area ratios, inlet 
scoop siz.e, tail width and other factors affect the air velocity through 
spreader vanes. 
SIGNIFICANCE OF FINDINGS 
Development of unique sampling equipment and computer evaluation 
techniques has led to an effective means of determining relative uniformity 
of fertilizer applications from aerial and ground equipment. The field tech-
niques for evaluation of fertilizer distribution uniformity have already led to 
substantial improvements to the distribution pattern from a number of air-
craft and have provided a large quantity of data for use in developing 
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guidelines for operation and adjustment of aerial and ground equipment. 
Modeling of the fertiliz.er deposition process is leading to a better under-
standing of the effects of operating practices and wind on the final results. 
Experience with aircraft over the years has led to development of guidelines 
for setup and adjustment of granular spreaders. Since particle size mixture 
is important, it is recommended that agricultural aviators strive to calibrate 
equipment with materials that closely resemble those normally applied. The 
increased availability of computer simulations may be helpful to aviators in 
determining how these and other variables affect their individual operations. 
LITERATURE CITED 
1. Walker, J.T. and D.R. Gardisser. 1988. Modeling fertilizer particle 
trajectories. ASAE Paper No. AA88--003. Presented at the NAAA/ASAE 
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A COMPARISON OF FURROW-ffiRIGATED 
AND FLOODED RICE 
E.D. Vories and P.A. Counce 
ABSTRACT 
Furrow irrigation has been suggested as a way to save water in rice 
production. Previous studies have not been designed to test for differences 
in water use between furrow-irrigated and flooded rice. However, furrow-
irrigated and flooded rice were compared in a field study conducted in 1990 
and 1991 at the Northeast Research and Extension Center, Keiser, Arkan-
sas. Yields for flooded production exceeded those for furrow irrigation in 
both years (two-year averages of 130, ll 1 and 109 bu/acre for flooded and 
two furrow-irrigated treatments, respectively). Attempts to identify the 
causes of the yield reduction through nitrogen (N) and water treatments 
have been inconclusive. 
INTRODUCTION 
Experimentation with furrow-irrigated rice by producers in southeast-
ern Missouri has led to studies in both Missouri (Hefner and Tracy, 199la,b) 
and Arkansas (Wells et al., 1990, 1991; Vories et al., 1991). Potential 
benefits of furrow irrigation over a continuous flood on rice include water 
and associated energy savings through reduced deep percolation and lack of 
levee seepage; simplified flushing of the soil early in the growing season; 
savings from not constructing and destroying levees; and easier harvests due 
to quicker soil drying and not having to work around levees. In northeast 
Arkansas, many of the clay soils have a very low infiltration rate once they 
are saturated. However, most contain varying amounts of highly permeable 
areas (sand blows) that can lead to increased water requirements. The 
objective of these studies was to compare water requirements and yields of 
flooded and furrow-irrigated rice. 
PROCEDURES 
Water-management plots were established at the Northeast Research 
and Extension Center (NEREC) at Keiser, Arkansas, on a Sharkey silty clay 
precision graded to 0.15 % slope and no cross slope. Three treatments 
consisted of flood irrigation, furrow irrigations twice per week and furrow 
irrigations when the soil water deficit (SWD) reached 0. 75 in. The furrow-
irrigation plots were seeded in 6-in. rows on 16 38-in. beds with 1200-ft 
row lengths. The flood plots were eight sequentially flooded bays. In 
1990, each bay was 50 ft wide by 150 ft long (levee center to levee center) 
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for a total length of 1200 ft. In 1991, each bay was 50 ft wide by 135 ft 
long for a total length of 1080 ft. There were three replications of the 
treatments. Water introduced to each treatment was monitored with 
flowmeters. 
'Tebonnet' rice was planted on 30 May 1990 and 7 June 1991. Be-
cause of the late planting date, all seed was treated with gibberellic acid 
(Release) to facilitate a rapid, uniform emergence. All plots were fertilized 
at the recommended rate of 110 lb N/acre. The N was split among preflood, 
intemode elongation (IE) and IE + 2 weeks applications. All herbicide 
applications were the same for all treatments. All plots were flushed twice 
before the initiation of flood in both years. 
To investigate whether the N response was consistent among water 
treatments, N subplots were added to each water-management plot, with 
rates of 0, 25 and 50 lb N/acre (above the 110 lb N/acre applied to all 
plots). The additional N was applied to the subplots approximately 2 weeks 
before the IE application. 
Areas of 24 in. by 20 ft were harvested with a small-plot combine. 
Harvests were taken in each of the eight sequential bays and at equivalent 
positions down the row in the furrow-irrigated plots. Harvests were also 
taken in each N subplot. Moisture content was determined for each harvest 
sample, and grain yields were adjusted to a 12 % moisture content. 
RESULTS AND DISCUSSION 
Average grain yields for the water-management plots with 110 lb N/ 
acre are included in Table 1. The mean yields for the two furrow-irrigated 
treatments were not significantly different from each other but were signifi-
cantly lower than for the flooded treatment. Overall yields were lower in 
1991 than in 1990, due in part to a later planting. 
The harvest data were used to investigate spatial variability in yield. 
Although the harvest location (down the slope) was not significant, there 
was a consistent trend for the lowest yields to be at the upslope and 
downslope ends of the field. The differences down the slope may have been 
a residual effect of precision grading in 1986. Extensive cuts were made on 
the downslope end of the field and fills at the upslope end. Soybean 
production in the years following the grading may not have completely 
removed the effect. 
Levee construction for the flooded plots was interrupted by rainfall in 
1990. While the resulting levees were adequate for rice production, the 
leakage through them caused the observed water requirements to be much 
higher than necessary under normal field conditions. Although much better 
levees were constructed in 1991, the water-use data for the flooded treat-
ments will require adjustment to account for leakage. 
Total water applied to the furrow-irrigated plots in 1991 during the 
period a flood was maintained on the flooded plots (9 July to 23 September) 
averaged 22 in. for the plots irrigated at 0. 75-in. SWD and 33 in. for the 
plots irrigated twice per week. Similar values were observed in 1990. 
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Measurements were not made to determine how much of the furrow-irriga-
tion water left the field as tailwater, but typical values for furrow irrigation 
suggest it was at least 25 % • Missouri rice farmers using furrow irrigation 
employ a levee to prevent the tailwater from leaving the field. Tailwater 
levees were not used in this study because they would have interfered with 
observing spatial variability of grain yield under furrow irrigation (i.e., the 
downslope end of the furrow-irrigated plots would have been flooded). A 
tailwater levee was also used by Hefner and Tracy (199la,b) who reported 
using only 14 in. of water in both years of their studies. 
Observations of growth stage (not included) indicated that the furrow-
irrigated rice developed more slowly than did flooded rice. Hefner and 
Tracy (199la,b) listed maturity delays among possible disadvantages to 
furrow-irrigated rice. Such delays suggest that the furrow-irrigated rice 
might be more affected by late planting than flooded rice. 
The response observed in the N subplots was inconclusive. After the 
1990 study, it appeared that some of the yield reduction associated with 
furrow irrigation could be overcome with additional N. However, the 1991 
data did not follow those initial trends. The later-than-recommended plant-
ing of Tebonnet in 1991 may have limited the yield potential such that 
additional inputs of N or water were not utilized. Although Hefner and 
Tracy (1991b) reported optimum yields from the recommended N treatment 
for flooded 'Lemont', they also observed considerable variability. 
SIGNIFICANCE OF FINDINGS 
Findings from the first two years of the study have not produced a clear 
understanding of the relationships among water, nitrogen and grain yield 
for the furrow-irrigated system. Early data suggested that additional N 
might lead to yields under furrow irrigation similar to those for flooded 
production. While the 1991 data did not support those conclusions, the late 
planting could have impacted the results. 
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Table 1. Grain yields from 1990 and 1991 furrow-Irrigated rice studies, 
Northeast Research and Extension Center, Keiser, Arkan .. •. 
Grain Yield at 12% Treatment 
Irrigation Treatment 1990 1991 Mean1 
Furrow irrigated: b/acre 
twice weekly 5220 4635 4905a 
@0.75inSWD 4950 5049 4995a 
Flood Irrigated 6120 5580 5850b 
Annual Mean 1 5400a ~b 
1LSD(0.05) = 540 lb/acre for treatment means, 180 lb/acre for annual means; means 
followed by the same letter not significantly different, P = 0.05. 
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EFFECT OF SALINITY ON RICE GROWTH AND 
PROCESSES THAT OCCUR IN FLOODED SOILS 
P.A. Moore, Jr., K.K. Baugh and B.R. Wells 
ABSTRACT 
Laboratory, growth chamber, greenhouse, small-plot and field-scale 
studies were conducted to investigate the nature and severity of the salinity 
problem in southeast Arkansas and to determine best management practices 
for growing rice on saline soils. The laboratory studies focused on the 
effect of salinity on nitrogen and phosphorus transformations in rice soils. 
The growth chamber studies evaluated the salt tolerance of the various rice 
varieties used in Arkansas. The greenhouse studies were conducted to study 
the effect of different kinds of salt on rice production. Small-plot studies 
were conducted to determine the salt tolerance of rice varieties used in 
Arkansas and to determine seasonal variations in nutrient contents of flood-
water, soil and rice in salt-affected and normal rice fields. Field studies 
were conducted to determine the nature and extent of the salinity problem in 
southeast Arkansas. A total of 10 different experiments on salinity were 
conducted; however, due to space limitations, only two of these studies will 
be discussed in detail: (1) a salinity survey of irrigation wells used for rice 
production and (2) a growth chamber study on the effect of various kinds of 
salt on rice growth. Sixty-nine sources of water used for irrigating rice in 
Chicot, Desha and Monroe Counties in Arkansas were sampled in the 
salinity survey. The samples were analy.zed for pH, electrical conductivity, 
anions (Cl and SOJ and metals (Al, As, B, Ca, Cd, Cr, Cu, K, Fe, Mg, 
Mo, Mn, Ni, Pb, Si and Zn). Results of this research showed that in areas 
where salty well water was a problem (such as the Beouff River area in 
Chicot County), surface rather than well water should be used for irrigating 
rice. Bayous, rivers, reservoirs and catfish ponds had an average electrical 
conductivity (EC) of 825 µSiem, whereas the average well water EC was 
2040 µSiem. Currently, the University of Arkansas recommends not using 
water with an EC over 1200 µSiem. Results from water sample analyses 
and interpretation of the data are being provided to all of the growers whose 
irrigation water was sampled. The results of the greenhouse study showed 
that the number of panicle-bearing tillers decreased linearly from around 
19lpot in the controls to less than Slpot in soils containing 1600 mg Cl/kg. 
Vegetative and reproductive growth also decreased as the salt content in-
creased. Statistical analyses indicated that the salt concentration greatly 
affected growth; however, the type of salt (Ca, Mg, Na, K) did not matter. 
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INTRODUCTION 
The quality of water used for irrigating rice can greatly affect yields. 
Saline water (water with high amounts of soluble salts) causes stunted 
growth, leaf bum and mortality of rice seedlings. If the salt concentration 
is high in irrigation water used to flush seedling rice, substantial stand loss 
can occur. The tips of the leaves of salt-affe.cted rice seedlings are usually 
grayish-white, and sometimes they are rolled. In some cases a lack of rain 
early in the season necessitates flushing a field several times. If the water 
used for these flushings is sufficiently high in salinity, then the entire stand 
can be lost. Usually the salt accumulates in high spots in fields, such as the 
top of levees, from wicking. 
In order to characterim the types and amounts of salts present in 
irrigation water and soils used for rice production in southeast Arkansas, a 
salinity survey is needed. This would identify the nature and extent of the 
salinity problem. Intensive studies are also needed to establish baseline data 
for salinity levels that damage rice. 
The type and amount of salts in the water, as well as the soil type, rice 
variety and weather conditions, all affe.ct the amount of damage incurred. 
Although the effe.cts of different anions, such as potassium salts, on rice 
growth have been studied, little is known about the effe.cts of different 
cations on salinity damage to rice. This study will determine the relative 
toxicity of calcium, magnesium, potassium and sodium chloride to rice. 
There are several reasons why rice responds to flooding: better weed 
control, increased release of soil N as ammonium and increased availability 
of micronutrients such as Fe and Mn, to name a few. However, the effe.cts 
of salinity on processes occurring in flooded rice soils, such as Fe and Mn 
reduction, and the processes that make up the N cycle are not known. Since 
these reactions are vital for high productivity, a knowledge of the effe.cts of 
salinity on them is needed. 
PROCEDURES 
Salinity Survey 
Sixty-nine sources of water used for irrigating rice in Chicot, Desha 
and Monroe Counties in Arkansas were sampled in the salinity survey. 
Temperature, EC and pH measurements were made on site. Water samples 
were filtered and fromn for analysis. Each of the samples was analyzed for 
anions (Cl and SO
4
) and metals (Al, As, B, Ca, Cd, Cr, Cu, K, Fe, Mg, 
Mo, Mn, Ni, Pb, Si and Zn). Mud and plant samples were also taken in 
each field. The mud samples were centrifuged, and the porewater was 
analyzed for the same parameters as the irrigation water. Plant samples 
were dried, ground and digested in acid to determine the concentrations of 
various salts. Changes in reservoir and well water quality during the season 
were also monitored at one location in Chicot County. 
135 
AR.KANsAS EXPERIMENT STATION REsEARcH SERIES 422 
Greenhouse Study 
Five kilograms of air-dried, sieved Hebert silt loam was weighed into 
51 2-gal buckets. The treatments were 0, 400, 800, 1200 and 1600 mg Cl/ 
kg soil, which were made with a combination of the chloride salts of 
calcium, magnesium, potassium and sodium. The soils were flooded with 
deionized water and covered with plastic for 30 days to let the salts become 
evenly distributed throughout the soil. At the end of this incubation period, 
floodwater EC measurements were made, and 'Tebonnet' seedlings were 
transplanted into each bucket. At harvest, plant heights, number of panicle-
bearing tillers, vegetative plant weight and grain weight were determined. 
RESULTS AND DISCUSSION 
Salinity Survey 
Surface water samples contained much less salt than did well water 
(Table 1). The average EC (which is a measure of the amount of salt 
dissolved in water) was 2040 µmhos/cm in well water, whereas in surface 
water it was only 825 µmhos/cm. Currently the University of Arkansas 
does not recommend using water with an EC over 1200 µmhos/cm for rice 
irrigation. Several of the wells sampled in Chicot County had conductivi-
ties exceeding 4000 µmhos/cm. Water this salty will undoubtedly result in 
large yield reductions. Most of the salty wells studied were located in 
Chicot County. 
The dominant type of salt in the irrigation waters tested was chloride, 
followed by calcium and sodium (Table 2). The concentration of salts in 
wells varied greatly from location to location. Chloride concentrations 
ranged from 0.9 to 1276 mg/L. The sodium adsorption ratio (SAR) of all 
the samples taken was less than 10, indicating that sodic soil formation is 
unlikely. This is good news, since sodic soils (soils saturated with sodium) 
are unproductive and very difficult to reclaim. Irrigation water quality 
greatly affects the chemistry of the soil. The salt content of the porewater 
(from the mud samples taken) was found to increase as the irrigation water 
salt content increased, as expected (Fig. 1). 
There are numerous streams, creeks, bayous, rivers, ponds, lakes and 
reservoirs in the rice-producing areas of the state that could be tapped. The 
surface water sources sampled in this study had less than half as much 
sodium and chloride as was found in well water samples (Table 2). Many 
of these surface water sources are mostly rainwater in the early part of the 
growing season, when rice is at the susceptible growth stage for salinity 
damage. Rainwater is exceptionally good water for irrigation due to its low 
salt content. With the availability of relatively low-cost polypipe to move 
water, growers should consider using surface water for early flushing of 
rice. Early in the season, catfish reservoirs are normally recharged from 
winter and spring rains and, therefore, have a low salt content (Fig. 2). 
This is fortunate since it coincides with the time when the rice is at the 
susceptible seedling growth stage. Although the water has less total dis-
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solved salts (such as sodium and chloride), it is reported to have a higher 
nutrient content (nitrogen, potassium and phosphorus), which is derived 
primarily from catfish feces. This water will be less likely to cause zinc 
deficiency since the carbonates (lime) will precipitate in the pond rather 
than on the field. 
The computer program WATER is being used to predict whether or not 
salinity problems will be anticipated for each water source. Individual 
growers whose wells (or surface waters) were sampled for this study are 
being supplied with results and interpretation of their water analyses. This 
will allow them to determine whether or not to continue using each source 
of water. A map of well water salinity is being developed for rice-produc-
ing counties that have salinity problems. Irrigation water testing will be 
conducted in the rice-producing counties for the next three years to deter-
mine areas where there are possible salinity and/or alkali hll7JlJ'ds. Some of 
the counties where salt problems are anticipated are Ashley, Chicot, Cross, 
Desha, Miller, Monroe, Poinsett and White. 
Greenhouse Study 
The results of the greenhouse study are shown in Fig. 3-5. The 
number of panicle-bearing tillers decreased from 19/pot for the controls to 
around 5/pot for the 1600 mg Cl/kg salt treatment. The salinity damage 
was most severe in the early stages of growth, with many of the plants 
dying after the first two weeks. Later on, the plants growing in the high-
salinity treatments recovered somewhat but remained stunted and dark green. 
Decreases in tiller production resulted in decreases in the vegetative growth, 
which resulted in decreased yields. Grain weights declined from around 25 
g/pot to less than 10 g/pot at the higher salinities. Statistical analysis of the 
data showed that, regardless of the type of salt applied, they all decreased 
growth in a similar fashion. 
SIGNIFICANCE OF FINDINGS 
The salinity survey is providing rice producers with an important ser-
vice-testing of irrigation waters for salt content. Recommendations are 
being made to each farmer on the suitability of the irrigation water he or she 
is currently using. Well water salinity maps for rice- producing counties in 
southeast Arkansas are also being developed. These maps will help identify 
areas of good well water as well as trouble spots where more intensive 
sampling may be needed. Basic research on the relationships among irriga-
tion water quality, soil physical and chemical characteristics and rice growth 
should also benefit rice producers. For example, this research has indicated 
that surface water, if available, is superior to well water in areas with 
salinity problems. 
The greenhouse study provided evidence that high salt concentrations 
result in a decrease in panicle numbers, vegetative growth and grain produc-
tion. The results from this study also showed that it did not matter which 
type of salt was added (calcium, magnesium, potassium or sodium); they all 
had the same effect. 
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Table 1. Electrical conductivity, temperature and pH of well water and surface 





Well Water (n = 54) Surface Water (n= 15) 
EC Temp. pH EC Temp. pH 
(µmhos/cm) (0 F) (µmhos/cm) (0 F) 
2040 65 7.04 825 86 
1068 2.2 0.19 645 3.6 




Table 2. Salt concentration In well water and surface water from Chicot, 
Desha and Monroe counties (all values In mg/L}. 
Well water {n z 54} Surface water (n = 15) 
Average Std.Dev. Range Average Std.Dev. Range 
Cl 360.8 301.5 0.9-1276 164.5 185.4 0.3-738 
Ca 161.6 70.9 61.9-323 52.7 50.9 6.7-208 
Na 160.1 97.5 18.1-407 72.3 65.7 4.89-160 
so,.-s 50.3 37.9 1.9-165 15.5 16.0 1.5-29.8 
Mg 46.9 19.5 13.0-89.1 20.5 18.9 3.9-78.8 
Fe 6.73 3.26 0.40-12.58 0.10 0.10 0.02-0.39 
K 2.26 0.87 0.90-4.09 3.83 1.20 1.79-6.15 
Si 1.78 1.47 0.31-7.84 0.58 0.71 0.08-2.70 
Mn 0.91 1.08 0.20-8.22 0.26 0.35 BDL1-1.10 
p 0.57 0.21 0.22-1 .18 0.11 0.054 0.02-0.23 
B 0.18 0.14 0.07-1.01 0.12 0.093 0.06-0.44 
"3 0.12 0.04 0.04-0.24 0.058 0.033 0.03-0.13 
Al 0.067 0.033 0.01-0.17 0.064 0.027 0.03-0.12 
Zn 0.058 0.031 0.01-0.15 0.062 0.026 0.01-0.10 
Pb 0.028 0.015 BDL-0.060 0.028 0.017 0.01-0.08 
Mo 0.008 0.003 BDL-0.014 0.005 0.002 BDL-0.011 
Cu 0.007 0.011 BDL-0.056 0.018 0.013 BDL-0.044 
Cr 0.005 0.003 BDL-0.016 0.002 0.002 BDL-0.009 
Ni 0.005 0.003 BDL-0.015 0.004 0.004 BDL-0.012 
Cd 0.003 0.001 BDL-0.008 0.001 0.001 BDL-0.004 
1 BDL = Below detection limits. 
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SCREENING RICE GERMPLASM 
FOR SALINITY TOLERANCE USING 
A HYDROPONIC TECHNIQUE 
B.R. Wells, R.E. Baser and R.H. Dilday 
ABSTRACT 
The USDA/ARS rice (Oryza saliva, L.) germplasm collection contains 
more than 16,000 accessions. Little information is available as to the 
salinity tolerance of these accessions. This knowledge is required if salin-
ity-tolerant rice varieties are to be developed from this collection. There-
fore, we have developed a hydroponic system to allow us to rapidly screen 
this collection for salinity tolerance. We have screened 8800 accessions and 
from that group have identified three (PI389673, PI160638 and Pl373870) 
that exhibit a high degree of tolerance. We have also screened the currently 
grown southern United States varieties and found an elevated level of salin-
ity tolerance in 'Jasmine85' and V4716 (when screened in a solution with 
an electrical conductivity (EC) of 10.5 µmhos/cm). 
INTRODUCTION 
A need for salt-tolerant varieties of rice in the southern United States is 
becoming apparent as good-quality ground water decreases and soluble salts 
accumulate in the soil. Soil salinity is a major problem in many rice-
producing areas of the world, and in some of those areas indigenous variet-
ies are reported as being tolerant to saline soil conditions. Rice is very 
tolerant to salinity during seed germination; however, susceptibility to sa-
linity increases as the plant progresses to the seedling stage. It then exhibits 
tolerance during tillering but again becomes susceptible at anthesis. The 
increased level of susceptibility during the seedling stage offers the opportu-
nity to screen germplasm for tolerance to salinity by growing the plants for 
only a three- to four-week interval. Therefore, the purpose of this study 
was to develop a hydroponic system for screening rice germplasm for 
salinity tolerance and to screen the USDA/ARS germplasm and the southern 
United States rice varieties for tolerance to salinity. 
MATERIALS AND METHODS 
The study was conducted with a hydroponic system contained in a 
mobile home that had been renovated for this purpose by adding extra 
insulation, growth lights and temperature controls. Diurnal temperatures 
were maintained near optimum for maximum seedling growth (25-33 C day 
and 20-25 C night). Lighting was supplied by 300-watt quartz lights. The 
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seedlings were grown on cotton mattes laying on polyethylene supports 
floating on the surfaces of the hydroponic solutions. The hydroponic 
solutions contained nutrient solution as described by Yoshida et al. (1976) 
plus sufficient salt solution (mixture of NaCl and CaC~) to provide the 
desired salinity levels. The mean EC of the saline solution for screening of 
the USDA/ ARS germplasm collection was 10.5 µmhos/cm whereas the 
southern United States varieties were screened in saline solutions with ECs 
of 0.8, 3.5, 5.5 and 10.5 µmhos/cm. These would be considered from low 
to very high levels of salinity in terms of plant tolerance. 
Ten seeds of each variety/line were placed on one layer of cotton 
matting, then covered with a second layer of matting and placed on the 
polyethylene support in the hydroponic solution. The nutrient solutions 
were changed weekly, and the seedlings were grown for three weeks prior 
to rating for salinity tolerance. Rating consisted of evaluating the plants 
for number of live and dead shoots, live and dead seedlings, unemerged 
seedlings and number of germinated seed using the following formula (Rat-
ing = [5*live shoots + 2*dead shoots +9*live seedlings + 4*dead seed-
lings + 3*unemerged seedlings + germinated seedlings/10]. The higher 
the rating, the greater the level of salt tolerance. In the USDA/ ARS 
screening study, each line was duplicated in the study. For the study with 
the southern United States varieties, the treatments were replicated six 
times. Statistical analysis was conducted by the procedures of SAS, Inc. 
RESULTS AND DISCUSSION 
We had completed screening of 8800 of the more than 16,000 acces-
sions of the USDA/ARS rice germplasm collection as of December 1991. 
An additional 6244 accessions have been through a portion of the screening; 
however, evaluation of the data on these accessions is incomplete at this 
time. Of the 8800 accessions that have been evaluated, three lines (Pl389673, 
PI160638 and Pl373870) have shown a high level of tolerance to salinity. 
Preliminary observation of the data for the additional 6244 accessions that 
have undergone preliminary screening indicates the possibility of several 
additional lines with high tolerance to salinity. 
Detailed data for the study with the southern United States varieties are 
given in Table 1. At the lowest salinity level (0.8 µmhos/cm), those 
varieties with the highest rating represent high seedling vigor as the salinity 
level is not sufficiently high to adversely affect growth of rice seedlings. 
Under these conditions 'Mars', 'Orion', 'Lebonnet', 'Katy', 'Millie' and 
V4716 appear to have the highest seedling vigor. 
Those lines exhibiting good vigor at the low salinity level continue to 
show higher ratings at the medium (3.5 µmhos/cm) and high (5.5 µmhos/ 
cm) salinity level; however, when the salinity level was increased to 10.5 
µmhos/cm, the ratings began to change. At this very high salinity level, 
only Jasmine85 and V4716 had statistically higher ratings than 'Newbonnet', 
which is considered very susceptible to salinity. Unfortunately, the major 
rice varieties produced in the southern United States do not show any 
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appreciable differences in tolerance to salinity. However, these ratings are 
from a hydroponic system, and response of the varieties when grown in soil 
might be different. 
SIGNIFICANCE OF FINDINGS 
This salinity screening study has begun to locate potential varieties or 
lines with high degrees of tolerance to salt. These tolerant lines can be 
incorporated into the southern rice breeding programs and eventually give 
rise to adapted, salt-tolerant rice varieties. Unfortunately, none of the 
present widely grown southern rice varieties exhibited any appreciable de-
gree of salinity tolerance; however, Orion, Mars, Katy and Millie indicate a 
trend toward increased salinity tolerance. Two minor varieties, Jasmine85 
and V4716, showed potentially higher salinity tolerance. 
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1991 RICE RESEARCH VERIFICATION TRIALS 
N.A. Slaton, R.S. Helms and C.A. Stuart, Jr. 
ABSTRACT 
Twelve Rice Research Verification Trials (RRVT) were conducted dur-
ing 1991 in 11 rice-producing counties. Agronomic and economic data for 
specified operating costs were collected for each verification field. Acreage 
for the 12 fields totaled 681, and field six.es ranged from 29 to 134 acres. 
The mean yield was 6174 lb/acre. Yields ranged from 4230 to 6882 lb/ 
acre. The breakeven price for each field, excluding charges for land, 
overhead and management, ranged from $2.32 to $3.49/bu. Based on the 
weighted means for yield and total specified operating ($296. 72/acre) and 
fixed cost ($66.93/acre), the average breakeven price was $2.65/bu. Dry-
ing cost represented 14.2 % of the specified operating cost followed by 
fertilizer at 11.8%, herbicide at 11.7%, irrigation at 10.9%, aerial applica-
tion at 10.2%, fungicide at 7.5% and seed cost at 7.2%. 
INTRODUCTION 
The average rice yield in Arkansas has not dropped below 5000 lb/acre 
since 1985. Record yields of 5350 and 5600 lb/acre were produced in 1988 
and 1989, respectively. A portion of this success can be attributed to 
research conducted by University of Arkansas researchers and the dissemi-
nation of this research by the Cooperative Extension Service. The Rice 
Research Verification Trials (RRVT), initiated in 1983, use an interdiscipli-
nary approach that stresses management intensity. Information from the 
trials helps to improve recommendations that accumulate data bases for rice 
economic programs, provide training to county agents, assist in the transfer 
of research technology and increase the potential for profitable rice produc-
tion by identifying data gaps. 
PROCEDURES 
Each verification field was selected prior to seeding as having no built-
in barriers that would initially inhibit success. Farm cooperators agreed to 
pay production expenses, provide crop expense data for economic analysis 
and implement the recommended production practices in a timely manner 
from seedbed preparation to harvest. A designated Extension agent from 
each participating county served as a field technician who assisted the Area 
Rice Specialist in collecting data, scouting the verification field and main-
taining regular contact with the grower. Management decisions were made 
by the Area Rice Specialist based on current University of Arkansas recom-
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mendations during weekly field inspections. Additional technical assistance 
was provided by the appropriate Extension specialist or researcher as needed. 
Economic analysis was performed by a designated Extension Economist. 
RESULTS AND DISCUSSION 
Twelve RRVT were established during 1991 on 681 acres. Fields 
ranged in size from 29 to 134 acres. Arkansas counties participating in the 
1991 RRVT were Ashley, Clark, Chicot, Desha, Jackson, Jefferson, 
Lafayette, Lonoke, Miller, Prairie (2 fields) and Woodruff. Field size, 
variety planted, yield and soil series are listed in Table 1. 
Grain yield on the RRVT fields averaged 6174 lb/acre compared to the 
projected mean state yield of 5300 lb/acre (Table 1). Verification fields 
seeded in 'Newbonnet' had the highest average yield (6609 lb/acre), fol-
lowed by 'Alan' (6291 lb/acre), 'Katy' (5724 lb/acre) and 'Lemont' (5716 
lb/acre). Five fields were planted before 15 May, the end of the optimum 
seeding period. Wet field conditions delayed field preparation and seeding 
in all other counties. The time between planting and emergence averaged 7 
days for the 12 fields. Clark and Jackson Counties, the two lowest-yielding 
trials with the highest breakeven prices (Table 2), were planted in the first 
week of June. However, other factors also contributed to low yields in 
these counties. The Clark County field could not be flooded due to low 
water levels and high demand from irrigation systems watering other rice 
fields; red rice in half of the field also presumably caused significant yield 
reduction. Indirectly, the lack of water caused uneven maturity and poor 
nitrogen fertilizer efficiency. The Jackson County yield also suffered due to 
inadequate pumping capacity, which contributed to poor grass control in 
part of the field. Additionally, at midseason, rice on the silt loam portion 
of the field exhibited poor growth and excessive brown leaf spot. Plant 
tissue analysis indicated that the nutritional problem was potassium (K) 
deficiency. Soil tests revealed soil K to be 87 lb/acre in the silt loam and 
over 300 lb/acre in the clay portion. Indirectly, it was observed that panicles 
in the K-deficient area had much higher levels of blast infection than rice 
growing on the clay soil. 
Fungicide (Benlate) was applied to all Newbonnet (3) and Alan (2) 
fields for blast at the late boot and 90 % headed stages. Blast lesions were 
found in these fields prior to treatment. In general, blast did not cause 
severe yield losses of either Alan or Newbonnet in any RRVT field. Blast 
was present in all fields except those seeded with Katy. Blast in the Lemont 
fields was found after 90 % heading and resulted in little yield loss. The 
one exception to this may have been the Jackson County field. Losses due 
to blast in the K-deficient area may have been the highest of all 12 fields. 
One Lemont (Miller county) and one Katy (Woodruff county) field also 
received fungicide applications for sheath blight; however, fungicide was 
not recommended on Katy. Portions of the Miller and Prairie County (1) 
fields received three fungicide applications. 
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ECONOMIC ANALYSIS 
Specified operating cost (SOC) including seed, fertilizer, irrigation, 
herbicide, fungicide, insecticide, application, hauling, drying, labor and 
machinery operation expenses on RRVT fields averaged $296. 72/acre (Table 
2). Drying cost was the single-most-expensive input, representing 14.2 % 
of the SOC. Among direct crop inputs, fertilizer material represented 
11. 8 % , herbicides 11. 7 % , aerial application of pesticides and fertilizer 
10.2%, fungicides 7.5%, seed 7.2% and insecticides 1.3% of the SOC. 
Specified operating cost increased 7. 7 % over the SOC of $276.11/acre 
calculated for 478 acres involved in the RRVT in 1990. The estimated 
average loan price received was $3.00/bu. Calculations were based on 
milling yields using established price support rates of $10.74/cwt for long 
grain whole kernel rice and $5.37/cwt for brokens. Specified crop input 
cost for the four varieties averaged $104.11/acre for Lemont, $104.94/acre 
for Katy, $122.11/acre for Alan and $147.79/acre for Newbonnet (Table 
2). These figures are of importance since they indicate that the Katy and 
Lemont fields required less operating capital than those of Newbonnet or 
Alan. This is in part attributed to the fact that in 1991 RRVT fields seeded 
in Katy and Lemont did not require two fungicide treatments for blast. 
SIGNIFICANT FINDINGS 
1. In 1991 the RR VT average yield was 17 % greater than the 1991 
Arkansas state yield projected by the Arkansas Agricultural Statistics 
Service. The 1991 RRVT mean yield was the second highest in 
the program's nine-year history. 
2) The new variety Alan produced excellent yields (140 bu/acre 
average) at two locations. Through careful management grass was 
controlled early, eliminating the need for Ordram applications, to 
which Alan is sensitive. The variety also appears to have good 
field tolerance to sheath blight since treatment levels were not 
reached. Although Alan is sensitive to blast, it does not appear to 
be as susceptible as Newbonnet. 
3) Proper water management is essential for University of Arkansas 
recommendations to work effectively and for production of high 
rice yields. 
4) Despite the higher overall yields from Newbonnet, the cost of 
fungicide applications, in part, increased the cost of specified crop 
inputs by $43/acre compared to Katy. 
5) The continued increased cost of crop inputs without increases in 
market price for rice requires producers to maintain a high level of 
management to help reduce these expenses and maintain high yields 
if they are to remain in business. 
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Table 1. Selected agronomic Information for the 1991 
Rice Research Verification Trials. 
County (Arkansas) Variety Acres Yield Ob/acre) Soil Series1 
Ashley Alan 76 6300 Callowaysil 
Chicot Newbonnet 51 5774 Sharkey cl 
Clark Katy 35 4230 Gurdon sil 
Desha Newbonnet 113 6660 Desha cl 
Jackson Lemont 35 4500 Foleysil 
Jefferson Lemont 53 5760 Perry cl 
Lafayette Lemont 52 5535 Perry cl 
Lonoke Katy 29 5490 Crowleysil 
Miller Lemont 35 6133 Billyhawcl 
Prairie (1) Newbonnet 134 6882 Crowleysil 
Prairie (2) Alan 13 6234 Stuttgart sil 
Woodruff Katy 55 6790 Dundee fsl 
Mean 56.75 6174 
1Sil:silt loam; cl:clay, fsl:fine sandy loam. 
Table 2. Selected economic Information for the 1991 Rice Research 
Verification Trlals using actual producer prices. 
County (Arkansas) SCl1 SOC2 FC3 TSC4 Breakeven5 
$/acre $/acre $/acre $/acre $/bu 
Ashley 123.03 311.88 71.49 383.37 2.74 
Chicot 102.22 264.48 67.67 332.15 2.59 
Clark 100.72 262.89 65.21 328.10 3.49 
Desha 173.68 332.95 57,10 390.05 2.64 
Jackson 103.85 280.15 68.13 348.29 3.48 
Jefferson 96.86 275.78 85.50 361.27 2.82 
Lafayette 86.99 274.53 64.55 339.08 2.51 
Lonoke 76.27 221.12 72.57 293.68 2.41 
Miller 140.76 286.18 62.84 349.02 2.56 
Prairie 1 143.32 294.08 61.38 355.46 2.32 
Prairie 2 116.75 329.14 91.60 420.73 3.04 
Woodruff 122.75 349.54 72.30 421.84 2.79 
Mean 125.73 296.72 66.93 366.65 2.65 
1SCl:Specific crop inputs from specified operating cost including herbicide, fungicide, 
insecticide, fertilizer and aerial application cost. 
2SOC:Specified operating cost includes SCI costs, irrigation, seed, machinery operation, 
hauling, drying and interest on operating capital. 
3SFC:Specified fixed cost including depreciation, interest, taxes and insurance. 
4TSC,.Total specified operating and ownership cost. 
5Breakeven price calculated by dividing yield in bu/acre by TSC. 
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RICE GRAIN AND Mil.LING YIELDS AS 
INFLUENCED BY TIME OF FLOOD 
DRAIN AND HARVEST 
Paul A. CollllCe, Terry J. Siebenmorgen and Earl D. Vories 
ABSTRACT 
Several studies have provided data that indicate that rice may need little 
or no additional irrigation after heading to produce a high yield with a high 
milling quality. The study described in this report was conducted to test 
whether irrigation of flooded rice could be ceased one week after heading 
without reducing rough rice or head rice yield. The main plot treatments 
were post-beading irrigation treatments: (1) cease flooding one week after 
heading, followed by draining two weeks after heading; (2) flood until two 
weeks after beading, then drain; and (3) flood until four weeks after head-
ing, then drain. Time of harvest (four, five, six weeks after heading) was 
the subplot treatment. There were no differences among the post-heading 
irrigation treatments on either the Sharkey soil at Keiser, Arkansas, or the 
Crowley soil at Stuttgart, Arkansas. The results indicate that irrigation of 
rice fields may be ceased one week after beading followed by draining at 
two weeks after heading without loss of rice yield or quality. Implementing 
the practice of ceasing irrigation on these and similar soils at one week after 
beading and draining at two weeks after heading could result in water and 
pumping savings for rice producers, increased irrigation capacity for soy-
beans during their critical stage of development for irrigation and reduction 
of land forming and combining costs associated wHh working in wet soil 
conditions during rice harvests. 
INTRODUCTION 
Rice yields have been shown to be sensitive to water deficits during the 
first 10 days after heading (Matsushima, 1962). Subsequently, rice is rela-
tively insensitive to water deficits. In Arkansas, research on post-beading 
rice irrigation bas been conducted for several years on Crowley silt loam or 
the Sharkey clay soils (Ferguson et al., 1982; Wells and Shockley, 1978; 
Counce et al., 1990). This research demonstrates that rice may be kept 
flooded until beading with little or no subsequent irrigation without reduc-
ing rough rice yields. In addition, Counce et al. (1990) found no differences 
in head rice yields between draining at two weeks after heading and drain-
ing at four weeks after heading on the Crowley, the Calhoun and the 
Sharkey soil series. They did find that both rough rice and head rice yields 
could be reduced by draining at heading. The research described in this 
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report was designed to test an extension of our earlier findings: could rice 
irrigation cease one week after heading without reductions in head rice 
yields? 
PROCEDURES 
Field experiments were conducted on two soil series in 1989 and 1990: 
Sharkey silty clay at the Northeast Research and Extension Center (NEREC) 
at Keiser, Arkansas, and Crowley silt loam soil at the Rice Research and 
Extension Center (RREC) at Stuttgart, Arkansas. The main plot treatments 
were post-heading irrigation treatments: (1) cease flooding one week after 
heading, followed by draining two weeks after heading; (2) flood until two 
weeks after heading, then drain; and (3) flood until four weeks after head-
ing, then drain. Time of harvest (four, five, six weeks after heading) was 
the subplot treatment. The rice variety 'Lemont' was used in these experi-
ments because head rice yields of large, long grain rice, such as Lemont, 
are most likely to be damaged by moisture stress during grain fill. There 
were four replications in the experiments. The main plots at Keiser were 
divided by two levees to reduce or prevent lateral water movement between 
main plots. Sufficient borders between harvested areas and levees mini-
mized or eliminated any seepage effects. 
Due to small differences in planting date and in rice development at the 
different locations and in different years, the treatments were applied on 
different dates (Table 1). Rainfall between heading and the last harvest date 
at each location was substantial (Table 2). Rice was seeded from late April 
to mid-May of each year in 7-in. drill rows at seeding rates of approxi-
mately 47 seeds/ft2• Plots were harvested by band-cutting the standing crop 
on the mornings of the specified harvest dates. The unthreshed rice straw 
was placed overnight in an air-conditioned room with a temperature of 
approximately 72 F. The harvested area in each subplot of each experiment 
(all locations and years) was 42 ft2• The following day the rice was 
threshed. The grain remaining in the grain augers was cleaned out with 
compressed air between harvests of each separate plot and added to the 
grain sample of each respective plot. The grain was cleaned twice and 
weighed, and moisture content was determined. 
Two-pound samples from each plot were double-bagged using two 
Ziplock I-gal plastic bags. These bags were refrigerated at approximately 
45 F until time of transport to Fayetteville to be milled. At various times 
during harvest, the refrigerated samples were transported to Fayetteville and 
placed in cold storage at approximately 35 F. The samples were subse-
quently dried to 12-13%. After drying, two 5.3-oz. (150-g) samples of 
rough rice from each plot were milled. The milling procedure consisted of 
measuring the moisture content of the rough rice in triplicate in a Motomco 
Model 919A moisture meter, hulling the rice with a McGill huller, milling 
the brown rice for 30 sec in a McGill No. 2 miller and separating the white 
rice into head rice (kernels having three-fourths or more of the original 
kernel length) and brokens using a Seedburo sizing machine with a No. 13 
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top screen and a No. 12 bottom screen. Head rice yield was expressed as 
the weight percentage of the original rough rice sample which remained as 
head rice. 
RESULTS AND DISCUSSION 
There were no differences among the three draining treatments for 
rough rice (Tables 3 and 5) or head rice yields (Tables 4 and 6) at either 
location. The results of this two-year study are consistent with previous 
Arkansas reports documenting limited post-heading irrigation needs for maxi-
mum rice yield. 
SIGNIFICANCE OF FINDINGS 
The results of this research indicate that irrigation of rice fields may be 
ceased one week after heading followed by draining at two weeks after 
heading without loss of rice yield or quality. Implementing the practice of 
ceasing irrigation on these and similar soils at one week after heading and 
draining at two weeks after heading could result in (1) water and pumping 
savings for rice producers; (2) increased irrigation capacity for soybeans 
during their critical stage of development available for irrigation; (3) reduc-
tion of land forming and combining costs associated with working in wet 
soil conditions during rice harvests. 
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Table 1. Treatment appllcatlona for time of draining and time of harvest 
at two Arkansas locatlona In two years. 
Dates of time of draining (TD) 
Cease Drain Dates of time 
Heading Flooding Treatments Drain of harvest [H} 
Location Year date1 Trt 1 1 and 2 Trt3 4 5 6 
Keiser 1989 8-23 8-30 9-6 9-20 9-20 9-27 10-4 
1990 8-15 8-21 8-28 9-11 9-11 9-18 9-25 
Stuttgart 1989 8-15 8-22 8-29 9-12 9-12 9-20 9-27 
1990 8-24 8-28 9-4 9-18 9-18 9-25 10-2 
1Heading is t~e 50% heading date as determined by visually rating the plots. 




































































Table 3. Rough rice yields from time of draining by time of harvest studies 
done at Kelaer, Arkansas, In 1989 and 1990. 
Times of 
Year Harvest 








Rice Irrigation Treatment 
Cease Irrigation at Rood until 2 wks Rood until 4 wks 
1 wk after Heading past Heading past Heading 























Table 4. Head rice yields from time of draining by time of harvest studies 
done at Keiser, Arkansas, In 1989 and 1990. 
Rice Irrigation Treatment 
Cease Irrigation at Rood until 2 wks Rood until 4 wks 
Times of 1 wk after Heading past Heading past Heading 
Harvest Drain at 2 wks then drain then drain 
Wk after Heading % head rice 
4 48.8 49.6 48.6 
5 62.3 60.3 61.2 
6 57.7 57.9 58.6 
4 49.1 50.3 46.3 
5 62.1 64.4 63.5 
6 60.5 61.4 61.7 
SE= 1.2 
Table 5. Rough rice yields from time of draining by time of harvest studies 















Rice Irrigation Treatment 
Cease Irrigation at Rood until 2 wks Rood until 4 wks 
Times of 1 wk after Heading past Heading past Heading 
Harvest Drain at 2 wks then drain then drain 
Wk after Heading b/acr 
4 7450 7010 6600 . 
5 7130 6950 7270 
6 6800 6740 6760 
4 5960 6210 5590 
5 6450 6950 6590 
6 6330 6560 6430 
SE= 190 
Table 6. Head rice yields from time of draining by time of harvest studies 
done at Stuttgart, Arkansas, In 1989 and 1990. 
Times of 
Harvest 







Rice Irrigation Treatment 
Cease Irrigation at Rood until 2 wks Rood until 4 wks 
1 wk after Heading past Heading past Heading 
Drain at 2 wks then drain then drain 
------% head rice------













MOISTURE ADSORPTION RATES AND MILLING 
QUALITY EFFECTS IN ROUGH RICE 
Terry J. Siebemnorgen and Roy N. Sharp 
ABSTRACT 
The study was conducted to determine the effect of moisture adsorption 
rates on the milling quality of rough rice. Rice was subjected to air at 20 C 
and 90% RH for 24 hours in a 4-in.-diameter column. Moisture content 
and head rice yield (HRY) of rice at different depths of bed were deter-
mined. Four air flow rates ranging from 0.42 cfm to 1.68 cfm were used. 
It was observed that an increase in air flow resulted in increased adsorption 
in bottom layers and that there was a decrease in HRY with an increase in 
adsorbed moisture at a given depth; however, this decrease was not linear as 
there was a greater reduction in HRY when the rate of moisture adsorption 
was high. A near-equilibrium model was used to predict moisture content in 
different layers; however, agreement between the model and observed mois-
ture content was poor, indicating the need for further model development. 
INTRODUCTION 
Dried rough rice needs aeration to cool the rice mass. Overdried rice 
subjected to high relative humidity air will adsorb moisture. Adsorption of 
moisture by rough rice may adversely impact HRY; however, the extent of 
HR Y reduction in columns of rice is unknown. 
PROCEDURE 
Long grain rice variety 'Newbonnet' was used for the tests. The initial 
moisture content of the rice ranged from 9.15% to 9.44% (wet basis) for 
one series of tests, and it was approximately 12 % (wet basis) for the second 
series of tests. The tests were conducted in a 4-in.-diameter PVC column 
that was insulated on the outside. Conditioned air at 20 C and 90 % relative 
humidity was supplied to the plenum chamber with a relative humidity and 
temperature control unit (Parameter Generation and Control Unit). Air 
flow rates used were 0.48, 0.84, 1.26 and 1.68 cfm. The depth of rice in 
the PVC column for each test was 18 in. The rice in the column was 
subjected to the conditioned air for a period of 24 hours. After completion 
of the test, the rice was removed in shallow layers of 1. 8 in. thick using a 
device that raised the rice column while the PVC column remained station-
ary. 
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Rice removed from the column was placed in a double ziplock bag, the 
samples were equilibrated to room conditions (approximately 2 to 4 days), 
and sample moisture contents and HRY were determined. 
Moisture adsorption in different layers was modeled using the assump-
tion that equilibrium conditions between the air and rice are reached in 
successive layers of rice in a rice bed. 
RESULTS AND DISCUSSION 
Figure 1 shows the moisture content in different layers with respect to 
the bed depth for the rice at an average initial moisture content of 9.26% 
(wet basis). It was observed that moisture content decreased as the grain 
depth from the bottom of the column increased. This result was expected 
since bottom layers were exposed to more humid air than the top layers. As 
air moved through the column, the relative humidity of the air entering each 
successive layer was lower; thus the amount of adsorption for each succes-
sive layer was also lower. As airflow was increased, the moisture content 
for each layer increased, indicating that adsorption rates increased with 
increasing airflow rates. 
Figure 2 shows the HRY (adjusted for variation in the initial moisture 
content of the rice in various tests) of each layer. A similar trend for each 
of the tests was that the greatest reductions in HRY were at the bottom of 
the column and the reduction was progressively less with increase in depth 
from the bottom. Previous research has shown that moisture-adsorbing 
environments result in a decrease in HR Y. There is also a decrease in HR Y 
at a given grain depth as airflow rate is increased. An increase in air flow 
rate resulted in an increase in adsorption rate for a given grain depth, which 
corresponded to a greater reduction in HRY. 
Since the change in HRY has been postulated to be a result of the rate 
of adsorption of moisture, the rate of moisture adsorbed per kg of dry mass 
of rough rice per day (24 hours) was plotted against the HRY, as shown in 
Fig. 3. Figure 3 shows that in a period of 24 hours, a change in moisture 
adsorbed from 0.01 kg/kg of rough rice to approximately 0.045 kg/kg of 
rough rice resulted in decrease of head rice from approximately 55 % to 
approximately 50%. However, in the same period, a further change to 
approximately 0.06 kg/kg of rough rice resulted in a decrease in HRY from 
50 to 45 % . And finally, only a very small increase in moisture adsorbed 
from 0.06 kg/kg of rough rice to 0.065 kg/kg rough rice resulted in a drop 
in HRY from 45% to 38%. This indicates that moisture adsorption rate 
would be a good indicator of HR Y reduction. 
Moisture adsorption in different layers was modeled using the assump-
tion that equilibrium conditions between the air and rice are reached in 
successive layers of rice in a bed. The results of moisture profiles as 
predicted by the model were compared with the actual moisture profiles 
observed after 24 hours of experimentation. The agreement between the 
predicted model values and the observed values was unsatisfactory, espe-
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cially at higher air flow rates. This indicates that further model develop-
ment is required. 
SIGNIFICANCE OF FINDINGS 
These tests show that HR Y reduction due to moisture adsorption can 
extend well into a column of grain within a 24-hour period. An increase in 
air flow rates resulted in a corresponding increase in HRY reduction. An 
important result of the study is that moisture adsorption rates have a strong 
influence in decreasing the HRY. 
14.5-----------------~ 
°;;;' 14-'-----"--..:,._ _____________ __, 
1 13.5-'----'-'"-"'--'---------------' 
I 13+-_ ____,.,__..,_,_--'~....,_--------------j 











0 2 4 6 8 10 12 14 16 18 
Grain depth from bottom ( inches ) 
I --- 0.42 cfm --e- 0.84 cfm ......,_ 1.26 cfm -+- 1.68 cfm 
Fig. 1. Effect of air flow rate on moisture content at different bed depth• of rough 
rice subjected to air at 20 C and 90% RH for 24 hours In an 18-ln.-c:leep column. 
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Grain depth from bottom (inches) 
1-- 0.42 cfm ---e- 0.84 cfm -- 1.26 cfm --+- 1.68 cfm 
Fig. 2. Effect of air flow rate on HRY of rough rice at different bed depths subjected 
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Fig. 3. Effect of moisture adsorbed per kg dry mass of rough rice per day (24 
hours) on HRY In rice subjected to air at 20 C and 90% RH. 
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CHARACTERIZATION OF THE MOISTURE 
CONTENT VARIATION AMONG RICE KERNELS 
DURING THE HARVEST SEASON 
T.J. Siebenmorgen, P.A. Cowice, R. Lu, B.R. Wells 
and R.J. Norman 
ABSTRACT 
A greenhouse study was conducted to obtain quantitative assessments of 
panicle and seed weights and harvest index among different types of rice 
culms (main stems and primary, secondary, tertiary and quaternary tillers) 
in an environment that allowed tillering to be near maximum. Single rice 
plants were grown in pots. The pots for 11 harvest dates were arranged in 
randomired complete blocks with five replications. Plants produced more 
secondary than primary tillers and panicles. Tiller and panicle emergences 
and grain filling were successively later for primary, secondary and tertiary 
tillers. Grain yield of tillers was related more to tiller emergence order than 
to tiller type. These data suggest that grain-filling for rice proceeds in a 
hierarchical manner with main stems within plants filling first, followed by 
primary, secondary and tertiary tillers. 
INTRODUCTION 
Previous research on this project has measured the kernel-to-kernel mois-
ture content variation among rice kernels throughout a harvest season. From 
these data, frequency distributions were produced that showed the distribution 
of kernel moisture contents on given days. The distributions indicated the 
presence of distinct modes or peaks, indicating that moisture contents tended to 
concentrate at certain levels. Early in the harvest when the average moisture 
content was high, three modes appeared. As maturation proceeded, the peaks 
at the high-moisture-content levels diminished, and those at the lower levels 
increased in magnitude. The presence of these peaks and the physiological or 
other reasons for their existence prompted further research. 
Recent research on this project has addressed the causes of these peaks in 
kernel moisture content distributions. A greenhouse study was conducted to 
elucidate these causes as well as to quantify the contributions in weight of seeds 
and panicles among rice culms. This report summarizes the seed and panicle 
weight development from this greenhouse study. 
PROCEDURE 
A greenhouse experiment was seeded in December of 1989 and termi-
nated with the final grain harvest in June of 1990. Treatments were 11 
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times of harvest. Plots were individual plants grown in 0.2-m-diameter, 
5.8-L plastic pots filled with 4. 7 kg of Sharkey silty clay soil. Plants were 
arranged in randomized complete blocks with five replications on a single 
greenhouse bench. The rice cultivar used in the experiment was 'Alan'. 
Conditions of the experiment were arranged so as to maximize tillering and 
differences in tiller ages within plants. Pots were fertilized with a dilute 
solution of urea (730 mg N/pot) at flooding, at panicle differentiation (365 
mg N/plot) and 7 days after panicle differentiation (365 mg N/plot). 
Beginning at flooding, individual tillers arising from each plant were 
tagged, mapped and identified for order of emergence and tiller type. The 
duration of the periods between culm emergence and panicle emergence and 
between panicle emergence and harvest was calculated. At harvest of each 
plot, the stubble and panicle were separated for each culm that produced a 
panicle. Seeds were separated from the panicle by the same person during 
each harvest to avoid differences in discarding seeds that were judged to be 
unfilled. The number of seeds, weight of seeds and weight of stubble were 
recorded for each main stem and tiller bearing a panicle. The seed mois-
tures were determined for each seed by use of a single kernel moisture 
meter. From these data, seed yield, harvest index (ratio of grain to the sum 
of grain and stubble), kernel weight and seeds/panicle were calculated for 
each culm bearing a panicle. 
RESULTS AND DISCUSSION 
The numbers of culms per plant, from greatest to least, were second-
ary, primary, tertiary and main stems (Table 1). Secondary tillers produced 
more panicles than primary tillers, primary tillers produced more panicles 
than tertiary tillers or main stems (Table 1). The data also reveal that the 
culms of main stems, primary, secondary and tertiary tillers produced pro-
gressively fewer panicles per culm. Primary and secondary tillers each 
produced more seeds per plant than either main stems or tertiary tillers 
(Table 1). Filled-grain ratio was greater for secondary tillers than for other 
types of culms but did not differ among the other types of culms (Table 1). 
Harvest index for secondary tillers was greater than that of main stems, and 
harvest index for tertiary tillers was less than for any of the other three 
types of culms (Table 1). Days between culm and panicle emergence and 
between panicle emergence and harvest were greatest for main stems and 
progressively less for primary, secondary and tertiary tillers (Table 1). 
These data suggest that grain filling is done hierarchically, with main stems 
producing more panicles per culm and seeds per panicle and commencing 
grain filling earlier than the tillers and with primary, secondary and tertiary 
tillers producing progressively fewer panicles per culm and seed per culm 
and commencing grain filling progressively later. 
Rice seed weights for tillers increased for the first harvest dates of the 
experiment, but seed weights of main stems varied only marginally over the 
course of the harvests (Fig. 1). Maturities of primary, secondary and 
tertiary tillers were progressively later than maturities of main stem seeds, 
as judged by seed weights. 
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The plant grain yields were produced mostly by primary and secondary 
tillers (Fig. 2). The upward trends of plant seed yields for primary and 
secondary tillers confirm that seed-filling for these culms was not complete 
at the commencement of harvests in this study. Seed filling was done so 
that main stem seeds completed filling first, followed successively by seeds 
of primary, secondary and tertiary tillers. 
SIGNIFICANCE OF FINDINGS 
While panicle production and seed production by tillers are synchro-
nized to a considerable degree, there is a difference in development of 
different types of culms and different orders of emergence within culm 
types. Tiller type appeared to largely affect panicle emergence date. Rice 
grain filling appeared to proceed with a distinct pattern with seeds being 
filled first and in the greatest numbers per culm from, in order, main stems, 
primary tillers, secondary tillers and tertiary tillers. The synchrony of seed 
filling found in this study can be viewed as a waiting line whose members 
are allowed to enter based on preference for main stems, primary, second-
ary and tertiary tillers. Although the differences in time of panicle emer-
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Fig. 1. Rice seed weight responses, by tiller type, to date of harvest. 
Points are means of five repllcatlons. 
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Table 1. Culms per plant, panlcles per plant, harvest Index and duration of period 
between culm emergence and panlcle emergence by culm type from a green-
house experiment conducted at Keiser, Arkansas, In 1990. 
Duration of Period From 
Culms Panicles Seeds Filled- Culmto Panicle 
Per Per Per grain Harvest Panicle Emergence 
Culm Type Plant Plant Plant Ratio1 lndex2 Emergence to Harvest 
0. ---Days--
Main Stem 1.0 1.0 194 0.759 0.388 132.7 33.3 
Primary Tillers 6.0 5.9 875 0.765 0.405 56.1 31 .9 
Secondary Tillers 9.1 7.8 916 0.811 0.423 49.0 30.0 
Tertiary Tillers 2.6 1.1 89 0.741 0.333 46.5 26.7 
LSDaci 1.04 1.01 119 0.050 0.028 1.7 1.23 
1Filled-grain ratio is the ratio of filled grain to the sum of filled grain and blanks. 
2Harvest Index is the ratio of grain to the sum of grain + stubble. 
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DETERMINING OPTIMAL HARVEST 
GRAIN MOISTURE CONTENT: 
PART I. MODEL DEVELOPMENT 
T.J. Siebenmorgen, E.O. Fryar, R.H. Dilday and B.R. Wells 
ABSTRACT 
Three physical models were developed to predict total milling yield 
(TMY), head rice yield (HRY) and field yield (FY) of rice as a function of 
harvest grain moisture content (MC). The concept of potential yields was 
used to develop the actual yield models (i.e., actual yield was equal to the 
potential yield minus the yield reduction caused by the particular weather or 
environmental condition). The TMY and HRY models were validated using 
experimental data collected for three long grain rice varieties from 1987 to 
1990. Predicted TMYs compared very well with the experimental data with 
average errors of less than 1.3 percentage points. Predicted HRYs agreed 
well with the experimental data when rice was harvested between 13 % and 
24% MC. 
INTRODUCTION 
The optimal MC to harvest rice depends on a number of variables, the 
primary of which include FY, drying costs and milling quality. Rice 
milling quality is largely measured in terms of TMY and HRY. These 
variables are functions of average rice MC at harvest and are influenced by 
weather or environmental conditions. If the effects of rice MC at harvest on 
TMY, HRY and FY can be quantified, then the economic ramifications of 
these variables can be analyzed. 
Considerable research has been reported on the determination of opti-
mal harvest MC for rice. Most research, however, did not consider the 
problem in a comprehensive way or from an economic viewpoint. Also, few 
studies have addressed the issue of the influence of weather or environmen-
tal conditions on the optimal harvest MC. Therefore, the objective of this 
research project was to determine the optimal MC to harvest rice to maxi-
mize the economic return to the producer. This report summarizes the 
results of the model development for predicting TMY, HRY and FY as a 
function of average rice MC and the model validation using the experimen-
tal data collected for three long-grain varieties from 1987 to 1990. 
PROCEDURE 
The concept of potential yields was used to develop the actual yield 
models. Potential yields are defined as the maximum attainable yields when 
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no reductions are incurred due to adverse conditions during the harvest 
season. Here, an adverse condition is referred to as any condition that 
causes a detrimental effect on yield. For instance, rain might cause a reduc-
tion in HRY and, therefore, is considered as an adverse condition. Actual 
yield is equal to the potential yield minus the yield reduction caused by the 
particular weather or environmental condition. 
TMY Prediction Model 
Total milling yield reflects the relative gross compositions of rough rice 
in terms of hull, bran and endosperm. Therefore, this variable is directly 
related to the process of kernel dry matter accumulation during the ripening 
stage. Based on the observations of rice kernel development during the 
ripening or maturity stage, the following exponential function was proposed 
to model the potential TMY: 
where 
TMYP = A,.*(1-BT*EXP(-C,J(M-Mc))) [1] 
TMY P = potential TMY, % 




= the lowest rice MC at which rice may be harvested, % 
Numerous studies have shown that the effect of environmental condi-
tions on TMY appears to be small unless some catastrophic weather condi-
tions are encountered. Hence the reduction in TMY due to weather or 
environmental influence was considered to be zero, and the actual TMY was 
assumed equal to the potential TMY. 
HRY Prediction Model 
Studies have shown that the trend of HRY change is very similar to that 
of TMY if adverse weather conditions are not encountered. Hence the same 
exponential function form as that for TMY was used to describe the poten-
tial HRY: 
where 
HRYP = A.i*(l-BH*EXP(-Ci(M-Mc))) [2] 
HRY P = potential HRY, % 
A.i, BH, CH = parameters 
Pre-harvest reduction in HRY is primarily associated with moisture 
adsorption. Moisture adsorption by rice can take place under certain environ-
mental conditions such as rain, dew and high relative humidity air. In 
estimating HRY reduction, it was assumed that the effects of dew or high 
relative humidity air on HRY reduction were negligible and that rain did 
not have an adverse effect on HRY until the average rice MC declined 
below 18 % . Both assumptions are justified by previous studies. 
The reduction in HRY caused by rain may depend on a number of 
factors such as rain intensity and duration. Studies have shown that 
most kernel fissuring takes place in a short time period when low-MC rice 
is exposed to severe moisture adsorbing conditions such as soaking in 
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water. Therefore, the effects of each rain event on HRY at a particular MC 
level were modeled to be equal unless the amount of rain was less than 0.3 
mm. This rain threshold amount was selected since this value is the lowest 
limit recorded by weather stations. Head rice yield reduction for a single 
rain event was then predicted using the equation developed for rice soaking 
in water for 24 h, which has the following form: 
where 
HRYR = EXP(-~ *EXP(-BR *M)) [3] 
HRYR = HRY reduction ratio 
~ = 637 
BR= 0.636 
The procedure for calculating the actual HRY was as follows: Above 
18% MC, the actual HRY was directly calculated using equation [2]. After 
rice MC declined to 18 % , the actual HRY continued to follow the rela-
tionship given in equation [2] until rain occurred. The HRY reduction ratio 
caused by rain was calculated using equation [3]. The actual HRY after 
raining was then equal to the potential HRY multiplied by the calculated 
HRYR. The actual HRY remained constant until the next rain occurred. 
The effect of the second rain event on HRY reduction was again calculated 
using equation [3]. The actual HRY after the second rain was then equal to 
the actual HRY before raining multiplied by the calculated HRYR. This 
procedure was repeated for each rain for the entire harvest season. 
FY Prediction Model 
Based on the TMY model and the assumption that the bran and hull 
yields remain constant over the entire harvest MC range, the potential FY 
was mathematically derived: 
where 
FYP = C/(100-TMY) [4] 
FY P = potential FY 
cp = constant 
The value of CF in equation [4] can be determined if the potential FY and 
TMY are known at a particular harvest MC level. Equation [4] shows that 
under the assumption of constant bran and hull yield, the potential FY is a 
function of TMY only. 
Reductions in FY are primarily associated with a lack of dry matter 
accumulation, percentage of blanks, shattering and lodging. Bird predation or 
insect invasion can also reduce yields at any stage of harvest. Considerable 
differences in tendency to shatter exist between varieties. Lodging may be the 
result of environmental conditions or may be specific to the variety and particu-
lar field conditions. Hence modeling of shattering and lodging was not at-
tempted, and the FY reduction was assumed to be zero in this model. 
RESULTS AND DISCUSSION 
The parameters in equations [1] and [2] were determined using a set of 
experimental data collected in 1989 for the long-grain rice variety 
164 
.ARKANsAS RrcE REsEARCH STUDIES 1991 
'Newbonnet'. This data set covers a range of MCs from 15 % to 26 % . The 
constant M0 was chosen to be 12.0% since this value reflects the lowest MC 
at which rice would normally be harvested. The statistics of the nonlinear 
regression models for TMY and HRY are summarized in Table 1. 
The TMY and HRY models were validated using experimental data 
obtained in a three-year study conducted at the University of Arkansas Rice 
Research and Extension Center at Stuttgart, Arkansas, and a study con-
ducted in 1990 at the Northeast Research and Extension Center at Keiser, 
Arkansas. · 
Figures 1 and 2 show the comparison of the measured and model-
predicted TMYs and HRYs for the 'Lemont' and Newbonnet varieties in 
1987. Each data point in Fig. 1 and 2 is the average of 20 measurements. 
The occurrence 9f rain events after rice MC declined below 18 % is shown 
by vertical bars in these figures. Predicted TMY s compared very well with 
the experimental data with the average prediction error of less than 1.0 
percentage point for both Lemont and Newbonnet. Predicted HRYs also 
compared well with the experimental data. The average prediction error for 
the entire harvest season was 0.8 percentage points for Lemont and 4.7 
percentage points for Newbonnet. Large prediction errors were obtained 
when rice was harvested at a very high MC (above 27 % ) or at a very low 
MC (about 12 % at the end of the harvest). The influence of rain on HRY 
was predicted by the model with reasonable accuracy. 
The models also performed well as compared to the experimental data 
collected from 1988 to 1990. Overall, predicted TMYs compared very well 
with the experimental data for the four harvest seasons with average predic-
tion errors of less than 1.3 percentage points. The HRY model generally 
performed well when rice was harvested between 13% and 24% MC. Large 
prediction errors were sometimes obtained when rice was harvested at very 
high MCs (above 24%) or at very low MCs (below 13%). It has been 
observed that experimental HRYs are more variable at very high MCs. 
Hence the model did not predict the HRYs as well at very high MCs as it 
did at lower MCs. On the other hand, as the average rice MC decreased to a 
very low level, the HRY model became more sensitive to the MC level, and 
small errors in estimating rice MC could result in large prediction errors in 
HRY. Since most long-grain rice in Arkansas is normally harvested between 
13% and 24% MC, the HRY model is not likely to induce significant 
prediction errors. 
SIGNIFICANCE OF FINDINGS 
Three physical models developed in this study were shown to be appropri-
ate for predicting TMY, HRY and FY as a function of harvest MC for long 
grain rice varieties. The influence of weather conditions on HRY reduction 
was predicted with reasonable accuracy. These models, in conjunction with 
available weather information and drying cost data, can be directly used to 
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determine the optimal MC to harvest rice. Further work will be conducted 
to estimate rice MC change during the harvest season and to incorporate the 
results of this study into the existing expert system to assist the producers in 
making harvesting decisions. 
Table 1. Regression analysis results for determining parameters of total milling 
yield (TMY, equation [1]) and head rice yield (HRY, equation [2]) models. 
Parameter Standard Deviation 
Model A B C s(A) s(B) s(C) MSE1 
TMY 68.0 5.2 56.3 0.16 3.16 8.27 0.10 
HRY 55.6 12.4 53.1 0.43 6.02 6.63 0.38 
1Mean squared error. 
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Fig. 1. Comparison of the model-predicted total milling yield (TMY) and head rice 
yield (HRY) to the experimental data obtained In 1987 at Stuttgart, Arkansas, for 
the 'Lemont' variety (symbols are measured and solid lines are predicted). 
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EVALUATION OF NUCLEAR MAGNETIC 
RESONANCE FOR RICE DRYING RESEARCH 
Terry J. Siebenmorgen, Richard A. Komoroski 
and Karen A. Moldenhauer 
ABSTRACT 
Use of nuclear magnetic resonance (NMR) techniques to determine 
moisture content of various rice fractions was investigated. Rice was dried 
from an initial moisture content of 17 % , wet basis, to 8 % , wet basis, and 
samples taken at intervals of 1 percentage point change in moisture content. 
Rough rice dried to 8 % and 11 % moisture content, wet basis, was rewetted 
back to 17 % in increments of 1 percentage point gain in moisture. Changes 
in moisture content of rice hulls, white rice and brown rice were measured 
using Motomco 919A and Shizouka Seike single kernel moisture meters, an 
oven method and NMR. The correlation between NMR measurements and 
Motomco moisture readings was very good (r > 0.999). No differences in 
NMR signals of dried rough rice samples and rewetted samples were ob-
served. 
INTRODUCTION 
Considerable research has been focused on quantifying the results of 
sorption and desorption processes on rice grain quality. The present re-
search is a preliminary investigation to evaluate the use of NMR as a 
research tool. While NMR has been used as an analysis tool in the food 
processing industry, its use in rice is new. As such, preliminary work is 
required to explore the potential of this method in rice. Ultimately, the 
fundamental knowledge gained from this study will be applied in the design 
of drying and conditioning equipment that maximizes quality and minimizes 
costs. 
PROCEDURE 
Cleaned rough rice at an initial moisture content of approximately 
17 % , wet basis, was dried to a final moisture content of about 8 % , wet 
basis, by spreading in a single layer under room-temperature conditions. 
Rough rice moisture was continually measured and samples taken roughly at 
every 1 percentage point change in moisture content. The samples were 
sealed in double ziplock bags and stored under room-temperature conditions 
before further processing. 
Some of the rice that had been dried to 11 % moisture content, wet 
basis, was subsequently rewetted by adding water to obtain samples in 
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intervals of 1 % moisture content up to 16 % moisture content. Moisture 
content of rewetted samples was measured after 24 hours of equilibration 
under room-temperature conditions in double ziplock sealed plastic bags. If 
the desired moisture content had not been obtained, more water was added 
and the measurement procedure repeated. 
Another set of rewetted rice was obtained by adding moisture to rough 
rice dried to 8 % moisture content, wet basis, to bring it back to 16 % 
moisture content in intervals of 1 % moisture content following the proce-
dure outlined in the preceding paragraph. 
Thus, three sets of rough rice were obtained: i) rice dried from an 
initial moisture content of 17 % , wet basis, to 8 % , wet basis; ii) rewetted 
rice from a moisture content of 11 % , wet basis, to a moisture content of 
16%, wet basis; and iii) rewetted rice from a moisture content of 8%, wet 
basis, to a moisture content of 16 % , wet basis. All sets had rice samples at 
approximately ! -percentage-point moisture intervals. 
Rice from all three sets was subsequently milled to obtain white rice. 
Byproducts of the milling process, hulls and bran, were not discarded but 
stored under conditions identical to those for the rough rice. Thus, one 
sample of rice had the following five fractions or subsamples: rough rice, 
brown rice, white rice, hull and bran. 
These samples were used for NMR analysis of moisture content, and 
calibration curves were obtained for normal and the two series of rehydrated 
rough rice using a minispec NMR analymr. These calibration curves were 
used to determine and plot moisture content of the different rice fractions. 
Moisture content of rough rice, brown rice and white rice for all three 
sets of rough rice was measured using a single kernel moisture meter. For 
the determination of moisture content, 100 kernels in a single replication 
were used. In case of white rice, two determinations of moisture content, 
using whole kernels and a mixture of whole and broken kernels, were made 
to see if the presence of broken kernels significantly affected the moisture 
content reading. 
The moisture content of rough rice, brown rice, white rice and hulls 
was also measured using a standard oven drying technique. Sample sire 
used was 15 g except for hull where the sample weight was 5 g; three 
replications of the tests were made. The samples were dried at 130 C for 24 
hours. 
RESULTS 
The moisture content values obtained from the NMR tests correlate 
very highly to the moisture content values obtained using Motomco mois-
ture meter (r = 0.999 for most of the first degree polynomial curve fits). A 
sample curve is shown as Fig. 1. Comparison of calibration curves for 
dried rough rice and rehydrated rough rice is shown in Fig. 2 from which it 
appears that dried samples and rehydrated rough rice samples at the same 
moisture content do not exhibit clear differences in the intensity of NMR 
signal. 
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An important finding of the study was that rice fractions had different 
moisture contents under drying and rewetting conditions and that moisture 
content of hull fraction was always lower than the moisture content of 
brown rice, in drying and in rewetting as well. For example, in rough rice 
dried from an initial moisture content of 17.2% to a moisture content of 
14.68%, wet basis, the brown rice fraction had a moisture content of 
15.63%, and the hulls had a moisture content of 11.56%, wet basis. For 
rice rewetted from approximately 8 % moisture content to a rough rice 
moisture content of 14.41 %, the moisture content values for the brown rice 
and hull fraction were 14.93 % and 11.55 % , respectively. 
SIGNIFICANCE OF FINDINGS 
This preliminary study indicates that NMR techniques can be used to 
determine moisture content of different rice fractions. The lower moisture 
content of rice hulls compared to that of the adjacent brown rice even in 
rewetting has implications for rice drying models that currently use differ-
ences between overall rice moisture content and surrounding air conditions 
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Fig. 1. Moisture content of rough rice obtained using nuclear magnetic resonance 
(NMR) for rough rice and rice fractions dried from an lnltlal moisture content 
of 17% to a final moisture content of 8% In approximate Intervals of 1 percentage 
point change In moisture content. 
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Fig. 2. Comparison of nuclear magnetic resonance (NMR) algnala of rough rice 
for dried rough rice from 17% to 8% moisture content {l:. ), rewetted 
rough rice samples from 11% to 16% ( •) and rewetted rough 
rice samples form 8% to 16% ( 0 ) moisture content. 
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DEVELOPMENT OF AN INFORMATION BASE 
OFFACTORSINFLUENCINGMILLINGYIELD 
R.N. Sharp and T .J. Siebenmorgen 
ABSTRACT 
Sound rice of uniform moisture had good head rice yield, and other 
kernel characteristics were quite uniform when evaluated at either 9.7 or 
11.5% moisture content. Such uniformity does not lend itself to identifying 
characteristics associated with milling yield variation. The gel consistency 
test was modified to give it some degree of application in quality evaluation 
for U.S. rices. A method was developed to decrease the time required to 
determine actual amylose content of milled rice. This method is too lengthy 
to be used in routine screening but can be used to attain purified amylose 
and amylopectin to be used as standards in other amylose screening tests. 
INTRODUCTION 
Past studies indicate that certain physical and chemical factors are associ-
ated with _milling yields, but these relationships are insufficient to serve as 
relia~le predictive indices. These factors sometimes have complicated inter-
active relationships, but each plays a valuable role in the overall rice breed-
ing scheme regardless of its inability to individually forecast milling yield. 
The Rice Quality Lab at Beaumont, Texas, screens varieties and prospective 
varieties for selected physical and chemical properties to ensure conform-
ance with grain type expectations. Although varietal screening includes 
milling yield assessment, interrelationships between milling yield and chemical 
and physical values have not been reported. Collection of certain physical 
and chemical properties such as kernel volume, kernel weight, kernel den-
sity, resistance to breakage, protein content, fat content and constituent 
make-up of starch is necessary to understand these interrelationships. Val-
ues have been reported for each of these characteristics, but not from a 
common sample, and publications addressing their relation to milling yield 
are lacking. Likewise, certain characteristics normally associated with mill-
ing yield may be associated with and influence the processing quality. 
The gel consistency test developed at the International Rice Research 
Institute to differentiate cooking quality of high amylose rices lacks repro-
ducibility and does not relate to the cooking quality of typical long and 
medium grain U.S. rices. This is a simple and rapid test, but so far it has 
not been shown to be applicable to U.S. rices. 
The milled rice kernel is about 80 % starch. Starch is composed of 
amylose and amylopectin in varying ratios. The percentage of amylose has 
long been accepted as the major determinant of the cooking and eating 
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quality of rice. A rapid test for the percentage of amylase has been used for 
several years in the screening of prospective new varieties. Though the test 
is an effective tool in the quality screening process, it is somewhat lacking 
in measuring the actual amount of amylase present and its relationship with 
other kernel characteristics. The influence of the starch make-up on mill-
ing, cooking and eating qualities cannot be determined without knowing the 
actual amount of amylase and amylopectin. 
PROCEDURES 
Rough rice samples of varieties recommended for Arkansas production 
were collected from plots where University of Arkansas-recommended pro-
duction practices had been followed. The moisture content was carefully 
adjusted to 9.7 and 11.5% with a humidity control chamber. Samples were 
milled in accordance with standard USDA procedures. Several physical 
measurements of the brown rice kernels were obtained. Kernel density was 
attained by measuring the length and width of individual kernels with 
precision calipers and calculating the kernel volume and by using the air 
compression pycnometer. Resistance to breakage and degree of deformation 
before breaking were measured using the Instron Universal Testing Ma-
chine. Length, width and thickness of individual kernels were obtained 
using precision calipers. Chemical composition assays were protein content 
by Kjeldahl nitrogen and lipid content by Goldfisch solvent extraction. 
Linear regression analyses were performed on the data to determine associa-
tions among respective measurements and their relationships to milling 
yield. 
Gel consistency values were attained according to a previously reported 
test developed at the International Rice Research Institute and by varying 
the concentration of the KOH solution and using various fineness of grind 
of the rice flour. 
Rice starch was obtained by dispersing the rice flour with a detergent 
solution and repeatedly washing with deioni7.ed water. The rice starch was 
then solubili7.ed and passed through a si:ze exclusion chromatography col-
umn to separate the amylase from the amylopectin. As the components 
exited the column, the concentration of the carbohydrate material was mea-
sured by a refractive index detector. The amount of total carbohydrate was 
verified by collecting the eluting fraction from a second separation run and 
assaying each collection tube. Profiles depicting the time and the amount of 
material exiting the column were developed for both methods of detection 
and compared. 
RESULTS AND DISCUSSION 
In earlier studies the moisture content of the rice was not closely 
controlled; therefore, it was difficult to discern whether relationships be-
tween certain kernel characteristics and milling yield were actual or influ-
enced by the moisture content. In this study moisture influence was mini-
mi7.ed by carefully adjusting the moisture content to a uniform value. The 
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force required to break individual rice kernels within a given variety was 
more varied than the average value between varieties. Pycnometer-gener-
ated density values showed some tendency to vary with the variability of 
head yield. This trend was about as strong as the relationship between 
kernel width/thickness ratio and head yield. But neither trend was as strong 
as the relationship between the lipid content and head yield. The rice used 
in this study had good head yield (62.4-68.0), and the density of the rice 
was also very uniform; therefore, it would be unusual to find strong corre-
lations in good rice. Differences between the calculated and pycnometer-
generated density measurements showed a large variability in the degree of 
porosity of the brown rice kernels. The meaning of these differences has 
not been studied, but they arouse suspicions regarding kernel strength. 
By changing the concentration of the KOH solution used from 0.2 N to 
0.16 N and grinding the rice to a 200-mesh (or smaller) particle size, the 
test is now reproducible. Twenty-seven (20 long and 7 medium grain) rice 
samples were evaluated, and the modified test properly distinguished be-
tween the grain types. The long grain types had less than 37 cm gel length 
while all medium grains were 40 cm or more in gel length. We have not 
evaluated the relationship between the gel consistency and the cooking and 
eating qualities. 
The process for reliably measuring the actual amylose content is com-
plicated and time consuming using size exclusion chromatography to sepa-
rate the starch components, collect starch components in small tubes as they 
elute from the column and assay each collection tube for the amount of total 
carbohydrates. A method was developed to increase the speed of separation 
of rice starch fractions (amylose and amylopectin). The system uses an 
intermediate pressure size exclusion chromatography column and a refrac-
tive index detector. An integrator was used to calculate the amount of 
material eluting the column, thereby eliminating the need to collect small 
fractional amounts and the subsequent wet chemistry analysis of the carbo-
hydrate content of each collection tube. This process can also be scaled-up 
to attain purified samples of amylose and amylopectin. 
SIGNIFICANCE OF FINDINGS 
The original procedure of gel consistency testing was not applicable to 
the typical U.S. long and medium grain rices. Its modification allows for 
the test to be used to distinguish between the grain types. It is not known at 
this time whether this procedure has further application in predicting quality 
characteristics in U.S. rices. 
A procedure to isolate and measure the amount of amylose in rice was 
developed. This method is too lengthy to use in routine screening but will 
be useful to study the actual amount of amylose present in the rice and its 
relation to other rice components. This method can also be used to attain 
purified amylose and amylopectin for use as standards in other amylose and 
amylopectin screening assays that are faster but not as accurate. 
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DEVELOPMENT OF NEW TESTS TO PREDICT 
FOOD QUALITY TRAITS FOR THE RICE 
BREEDING PROGRAM 
Bruce R. Hamaker and Karen A.K. Moldenhauer 
ABSTRACT 
Studies were conducted to determine if specific proteins of the rice 
kernel affect the texture of cooked rice. Using reverse-phase high perfor-
mance liquid chromatography to separate kernel proteins, a chromatographic 
peak was found that positively correlated to cooked rice stickiness (r=0.82). 
There was no relationship between the other peaks and stickiness. A new 
method for measuring the degree of swelling of starch granules was used 
and was found to have potential as a predictive test for texture of rice flour. 
Further studies on the amylopectin-protein complex reported last year showed 
a strong association, possibly covalent, between a protein and the amylopec-
tin molecule. This is of interest because it may influence texture and may 
be involved in the synthesis of the starch granule. 
INTRODUCTION 
Important factors in the marketing of rice are its cooking, eating and 
processing qualities. This includes the texture (stickiness, firmness, etc.), 
integrity, flavor and appearance of the cooked grain. Since these traits are 
governed primarily through inheritance, breeding for food quality is a strong 
part of a rice improvement program. Rapid screening tests have been 
developed to aid the rice breeder in this effort; however, they are sometimes 
inaccurate, making it difficult for breeders to develop rices that have spe-
cific quality traits. The most commonly used chemical test for quality, 
amylose content, has known exceptions to the basic rule that low-amylose 
rices are sticky and high-amylose rices are non-sticky. In addition, rices 
with the same amylose content may differ widely in texture. These current 
inaccuracies can give the breeder erroneous information that may be incor-
porated into the selection program. The studies conducted for this project 
have been designed to better understand the chemical basis of cooked rice 
texture and to develop improved methods to predict textural properties. 
PROCEDURES 
1. Stickiness was determined on cooked rice samples using the Instron 
Universal Tester. Cooked rice (2 g) was piled under a circular 
probe that was then lowered to 1.5 mm above the bottom plate. 
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After 10 sec the probe was raised, and stickiness of the cooked rice 
was measured as the work required to pull the compressed rice 
from between the plate and probe. 
2. Rice kernel proteins extracted in either 5 N acetic acid or 2 % 
sodium dodecyl sulfate (SDS) with dithiothreitol were analyzed by 
reverse-phase high performance liquid chromatography (RPLC). 
In this technique proteins are separated by their differences in 
hydrophobicity. Relative peak areas representing an individual 
protein or groups of proteins were compared to Instron stickiness 
of 22 rice lines. 
3. A new method for measuring the swelling factor of starch granules 
was used on eight rice varieties incubated at 50, 60, 70, 80 or 90 
C. Rice flour (100 mg) was placed in a test tube with 10 ml water 
and placed in a water bath at the appropriate temperature for 30 
min. Blue dextran (approx. molecular weight, 2,000,000 daltons) 
was added, tubes were centrifuged, and the supernatant was read at 
640 nm. Absorbance readings were directly related to the swelling 
factor. 
4. Proteins associated with the amylopectin starch fraction were 
analyzed in further studies using the technique of enzymatically 
digesting the amylopectin to different degrees and identifying the 
protein or protein-starch complex using SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE). 
RESULTS AND DISCUSSION 
Studies using RPLC showed a hydrophilic protein, previously unidenti-
fied, that had a peak area on the chromatogram that positively and signifi-
cantly correlated with cooked rice stickiness (r=0.82) in 22 rice lines. 
Other peaks representing either one protein or a small group of proteins 
showed no correlation with stickiness. This was not as good as other 
correlations found in our laboratory between stickiness and amylose or the 
60,000 dalton starch granule-associated protein (r=0.87 and r=0.85, re-
spectively). However, this protein still appears to influence cooked rice 
stickiness. Further studies are necessary to characterize the protein and find 
its location in the kernel. 
The swelling factor of starch granules from varieties differing in sticki-
ness was determined because previous studies in our laboratory showed that 
the degree a starch granule gelatinizes or swells directly relates to texture. 
Using the blue dextran technique, which is relatively simple and fast, short 
and medium grain sticky rices were generally found to have higher swelling 
factors. Curves through the 50-90 C temperature range studied were flatter 
for the sticky rices than for the non-sticky, indicating a more immediate and 
complete swelling of the short and medium grain starch granules during 
gelatinization. This assay holds promise as a predictive test for rice flour 
texture. 
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Experiments on protein associated with the amylopectin starch fraction 
supported previous findings that a protein appears to be covalently bound to 
the amylopectin molecule. The protein-amylopectin complex was partially 
digested with beta-amylase, and a portion of this was treated with alpha-
amylase to completely digest the starch molecule. SOS-PAGE analysis of 
the two preparations showed that protein in the incompletely digested mate-
rial remained as a complex not entering the pores of the electrophoresis gel. 
Protein from the completely digested material migrated into the gel. This 
indicated that the protein associated with amylopectin is covalently bound. 
This may influence the gelatinization of the starch granule and, in tum, 
affect texture. 
SIGNIFICANCE OF FINDINGS 
The focus of our studies has been to try to understand the factors 
involved in rice texture so that screening tests that breeders use can be 
improved or new tests can be developed. Previous work on this project has 
produced findings that suggest that cooked rice stickiness is influenced by 
kernel proteins as well as the starch component. Studies on flour paste 
viscosity indicated that proteins specifically associated with the rice starch 
granules seem to control the extent to which the granules swell and gelati-
nize when heated in the presence of water. This is why we have continued 
our work on proteins and texture and the relationship between starch gelati-
nization and texture. 
Present studies show another protein that correlates to cooked rice 
stickiness in addition to the 60,000-dalton starch granule-associated protein 
reported last year. Because this is a very hydrophilic protein and different 
from the other proteins examined, it would be of interest to characterize it 
further. 
The blue dextran test to determine starch granule swelling was success-
ful in differentiating rice varieties on the basis of their stickiness in most 
cases. Because this is a simple and fairly fast laboratory test, further work 
will be done to examine its effectiveness in predicting flour pasting proper-
ties. There is a present need in the rice processing industry to improve 
specifications for rice flour as it becomes used more by food processors. 
More detailed studies are continuing on the influence of rice starch 
granule-associated proteins on texture. The possibility of a protein strongly 
bound to the amylopectin starch molecule is of interest because of both its 
potential effect on texture and its possible role in the synthesis of the 
granule itself. 
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INTERNATIONAL AND INTERREGIONAL 
COMPETITIVENESS OF THE ARKANSAS 
RICE INDUSTRY 
Gail L. Cramer, Eric J. Waile1, John M. Goroski 
and Stanley S. Phillips 
ABSTRACT 
Rice, second only to sugar, is the most trade-distorted world agricul-
tural market; therefore, any move to liberalize rice trade will have signifi-
cant impacts on both industrialized and developing countries. These im-
pacts will be further intensified by the structure of the world rice market. 
This study attempts, therefore, to give a brief description of the interna-
tional rice market while examining, in detail, current rice trade distortions 
and rice differentiation according to quality and type. It then examines the 
impacts of total and partial trade liberalization on both major and minor 
world rice market participants. 
INTRODUCTION 
Recent negotiations on agricultural world trade have emphasized the 
relaxation of current restrictions or barriers to free trade among all coun-
tries. Some noteworthy examples of increased trade liberalization have 
already occurred, including the completion of a new United States (U.S.)-
Canada Free Trade Agreement and the continuing free trade talks between 
the U.S. and former Soviet Bloc countries and between the U.S. and Mexico. 
The General Agreement on Tariffs and Trade (GA TT) proposals are under 
review in the Uruguay Round, including proposals for further trade liberal-
ization. 
The potential global benefits of increased free trade are well known 
from the theoretical aspect of improving social welfare and facilitating more 
efficient resource use. Benefits of price-stabilization with free agricultural 
trade compared with restricted trade have also been demonstrated (Shei and 
Thompson, 1977). The common consensus in most commodity studies 
conducted is that overall world trade would increase substantially as an 
important impact of agricultural trade liberalization (Horridge et al., 1988; 
Parikh et al., 1988; the World Bank, 1986). 
PROCEDURES 
A global spatial equilibrium model was formulated to provide a frame-
work for analyzing trade flows and prices in the international rice market 
under trade distortions present in 1986 and 1987 under both differentiated 
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and homogeneous rice products. The spatial equilibrium model was speci-
fied as a quadratic programming model of the type developed by Takayama 
and Judge (1964). Under their formulation, linear price-dependent supply 
and demand functions are used to define a "quasi-welfare function. " In this 
study, linear excess supply and demand functions for exporting and import-
ing countries/regions, along with transportation costs, form the basic com-
ponents of the spatial equilibrium model. 
RESULTS 
The primary findings of the differentiated rice model under free trade 
were 1) world rice trade expanded by 104.2 % , 2) the volume of world trade 
as a percentage of world consumption increased from 5.4 to 11.0%, 3) 
world welfare increased $12.0 billion, 4) U.S. rice exports increased 9.6% 
while total gross revenue rose 85. 9 % , 5) overall exports increased for all 
exporters and 6) the major importers were Japan, South Korea, Indonesia, 
Philippines, the European Community (EC-10) and Brazil. 
While the overall world trade volume increased substantially under free 
trade, there were wide differences by type and quality. Japonica trade 
increased 613.2%, high-quality indica increased 17.5%, and low-quality 
indica increased 54.6 % under free trade liberalization. The weighted aver-
age importer price/metric ton (mt) also varied by type and quality. With 
free trade and the assumption of no substitution in consumption or produc-
tion among different types of rice, the price of japonica increased 171.1 % , 
high-quality indica increased 30.4 % , and low-quality indica did not change 
appreciably. 
The major impacts of the homogeneous rice model under free trade 
were as follows: 
1. world rice volume expanded by 125.1 %, 
2. the weighted average price of all rice increased by 42. 0 % , 
3. world welfare increased by $9.6 billion, 
4. Japan had the largest impact on increasing world trade in that 
Japanese imports increased by 8.96 million metric ton (mmt), 
5. significant increases in imports were also experienced by South 
Korea, Brazil, EC-10 and Taiwan, 
6. the major exporters were China, Vietnam, Thailand and Burma, 
7. the U.S. was the only exporter to experience a decrease in trade 
volume, but because of the increased price, gross revenue would 
increase by 46.2%. 
SIGNIFICANCE OF FINDINGS 
It was estimated that total world trade liberalization in rice would 
benefit U.S. producers in general. However, implicit in the above trade 
liberalization results is the potential loss of current government program 
benefits to U.S. producers. Results of the differentiated model indicate that 
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the values of indica and japonica exports would increase, but free trade 
could actually reduce U.S. indica exports that are produced primarily in the 
southern states. Thus there could be an estimated loss in gross revenues to 
the southern states unless they can produce japonica varieties. On the other 
band, California rice producers of japonica are estimated to gain $238 
million in gross revenues. 
If the U.S. maintains its producer subsidies under total trade liberal-
ization, trade volume of U.S. rice increases greatly. High-quality indica 
exports are estimated to increase by 0. 7 mmt, low-quality indica by 0.004 
mmt, and japonica exports are estimated to increase by 0.64 mmt. These 
increases in exports, despite the decreases in U.S. rice prices, helped to 
increase gross revenues by an estimated 34.1 % relative to the base scenario. 
LITERATURE CITED 
1. Horridge, M. D. Peace and A. Walker. 1988. World agricultural trade 
reform: Implications for Australia. Paper presented at the 1988 Australian 
Economic Congress, Austalian National University, Canberra. 
2. Parikh, K.S., G. Fisher, K. Frohberg and 0. Gulbrandsen. 1988. Toward 
free trade in agriculture. Martinus Nijhoff Publishers, Dordrecht. 
3. Shei, S. and R.L. Thompson. 1977. The impact of trade restrictions on 
price stability in the world wheat market . American Journal of 
Agricultural Economics 59(4):628-638. 
4. Takayama, T. and G.G. Judge. 1964. Spatial equilibrium and quadratic 
programming. Journal of Farm Economics 46(1):67-93. 
5. The World Bank. 1986. World development report 1986. Oxford 
University Press, Washington, D.C. 
180 
THE ECONOMIC POTENTIAL OF RICE BRAN 
Kenneth B. Young, Gail L. Cramer and Eric J. Wailes 
ABSTRACT 
Rice bran was traditionally viewed as a low-value livestock feed. Re-
cent research on the food use of rice bran provides encouraging evidence 
that rice bran is as good as or better than oat bran as a means of reducing 
serum cholesterol. This favorable image of rice bran as a healthy food, 
along with the development of equipment to effectively stabilize the rice 
bran, enabled rice millers to access the more profitable food market starting 
in 1989. 
This study reviews the current status of market development of rice 
bran as a food item and evaluates the prospects for further market develop-
ments, including the possibility of selling rice bran oil. There is also 
potential for developing markets for rice hulls, a possibility that is also 
discussed in this research. 
INTRODUCTION 
The purpose of this study is to review the types of market outlets that 
have been used for rice bran and rice hulls in the U.S. rice industry and to 
identify the prospects for increasing the returns from these by-products of 
rice milling. This research starts with a brief description of the current 
marketing system for bran and hulls. This is followed by a review of 
scientific studies on the nutritional value of rice bran and rice bran oil 
compared to other competing products, an appraisal of the factors that will 
influence the market for rice bran and rice bran oil and, finally, a discussion 
of the economic prospects for increasing the returns from these by-products. 
PROCEDURES 
The study procedure for this research included a literature review, 
telephone interviews and visits in 1990 to rice industry representatives in 
Arkansas, Texas and California. Most of the reported data were collected 
from direct contacts with industry representatives except where specific 
studies are noted. 
RESULTS 
A summary of some alternatives to increase the returns from rice ban 
and other milling by-products is shown in Table 1. The current market 
value is about $8.00/cwt for rough rice. The bran content in rough rice has 
a feed sale value of about $0.28/cwt rough rice. Only a small amount of 
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stabiliud rice bran is currently sold for $0.35/lb, equivalent to $2.80/cwt 
rough rice. Rice hulls have little market value except in a few areas of the 
U.S. The limited market for rice hulls is at prices ranging from a low of 
$10.50/ton for fuel to produce electricity to $18/ton for use as an aid in 
pressing fruit juices. The market for rice hull ash is reported to be about 
$100/ton or $0.05/lb F.O.B. Stuttgart, Arkansas, equivalent to $0.20/cwt 
rough rice. 
It is evident from Table 1 that the most profitable option would be to 
market all bran as stabiliud food-grade bran at $0.35/lb if this market is 
not limited. It would also be profitable to bum rice hulls for electricity 
generation or other beneficial uses for a potential value of $0.005/lb or 
more and market the rice hull ash at $0.05/lb or more. The estimated 
return from by-products with this most profitable operation is equivalent to 
$3.10/cwt of rough rice, including $2.80 from the rice bran, $0.105 from 
the rice hulls and $0.20 from the rice hull ash. 
At present, the option to produce rice bran oil appears to be much less 
profitable than utilizing the stabiliud bran directly in food products unless 
a substantial price premium is received for the oil or for the defatted rice 
bran. The return per cwt of rough rice is estimated at $0.90 for producing 
solvent-extracted rice bran oil at the 1990 quoted Los Angeles bulk price of 
$0.75/lb and an assumed edible oil yield of 15% (Table 1). This price for 
oil is relatively high compared to soybean oil at $0.21/lb and com oil at 
$0.29/lb (Wall Street Journal, May 2, 1991). 
The return for expeller-pressed rice bran oil is estimated at $1.89/cwt 
rough rice with an assumed price of $2. 36/lb for the oil and an edible oil 
yield of 10% (Table 1). 
Revenue from the sale of defatted rice bran would be in addition to the 
return from rice bran oil. As in the case of rice bran oil, there has been 
little experience in the U.S. with selling defatted rice bran to establish a 
firm price for this by-product. As mentioned earlier, defatted rice bran has 
potential uses for food as well as for feed. It is sold for the same price as 
regular full fat bran in Japan for the feed market. 
Prices shown in Table 1 are considered conservative for the feed value 
of rice bran, for rice hulls and for rice hull ash based on current market 
conditions. Prices for stabiliud rice bran, and particularly the expeller-
extracted and solvent-extracted rice bran oil, are speculative because of the 
limited market and uncertain demand for these items. The current market 
price of solvent-extracted rice bran oil is about three times the price of other 
alternative cooking oils. Expeller-pressed rice bran oil is priced about three 
times the level of solvent-extracted rice bran oil. These current prices in 
the market are unlikely to persist unless there is a strong preference for rice 
bran oil. The price of stabiliud rice bran is dependent on the continued 
preference of consumers for products containing rice bran. 
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SIGNIFICANCE OF FINDINGS 
This study has assessed the current status of the U.S. market for rice 
bran and reviewed the development of technology and scientific information 
that has affected the rice bran food and feed markets to date. Establishment 
of the food market is a very recent phenomenon, starting about 1989, and it 
constitutes only a minor part of the total rice bran sales. Nevertheless, it is 
considered a significant event for the U.S. rice industry because of the high 
prospects to generate substantial income from the sale of rice bran in the 
order of nearly 10 times the value of feed-grade rice bran. 
Our assessment of the food market points to the fact that there does not 
yet exist a definite niche for rice bran; however, ongoing developments are 
providing a clearer perspective of the growth potential of this market. 
Unfortunately, the market is not yet well defined and appears to be cur-
rently in a phase of uncertainty, at least for the rice bran food ingredient 
market. The established food market niche for rice bran is more in the 
health food market than in the general food market; consequently, the 
market appears to be highly vulnerable to present and future health claims. 
The current market uncertainty is attributed to recent conflicting reports on 
the value of oat bran and rice bran to reduce cholesterol (e.g. Swain et al., 
1990). These reports are believed to have had a potentially adverse effect 
on consumers in 1990-199 l. 
The positive side of the rice bran market is that the food processing 
industry bas been very receptive and active in developing new products that 
incorporate rice bran. Some of these products appear to have already 
established a relatively stable niche in the market, e.g., Kellogg's Ken Mei 
Cereal. Other positive indications are the reported favorable taste and 
baking qualities of rice bran products and the apparent continued acceptance 
by food processors of the established trade price for stabilized rice bran 
since 1989. 
Although there has been an adverse reaction by consumers in 1990 to 
unfavorable health reports on oat and rice bran (Blumenthal, 1990), this 
result may not be repeated in future scientific studies. The overall accumu-
lated scientific evidence involving a number of previous studies is fairly 
conclusive that rice bran as well as oat bran reduces cholesterol in persons 
or animals with elevated cholesterol (Kahlon et al., 1990; Hegsted et al., 
1990). Both of the formerly cited health improvement reports involved 
studies of people with normal cholesterol levels; however, this fact was 
apparently not mentioned in the publicity related to these studies. 
The present state of the food market for rice bran is not a reliable basis 
for making future projections, but it does indicate what the major driving 
force will likely be in the future. There seems to be little doubt that the 
growth prospects of this market will be affected by the nature of further 
health reports on the use of rice bran and, in particular, the findings on 
cholesterol reduction. 
While further increases in demand for rice bran food products may need 
to await further development of supporting scientific data and actions of the 
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FDA, it seems probable that there will be a major thrust in rice bran oil 
marketing in the near future . There is convincing evidence from Nicolosi's 
research on rice bran oil (Nicolosi et al. , 1990) that replacement of the oil 
for other oils and fats in the diet may reduce cholesterol up to 40 % . 
Results of earlier experiments with oat bran and rice bran had shown only a 
7 to 8 % potential reduction in cholesterol. Unless this finding on rice bran 
oil is challenged in other forthcoming studies, it is bound to have a major 
effect on the market prospects for rice bran oil. 
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Table 1. Summary of prospecta for Increased returns from rice bran 
and other mllllng by-products weight of rough rice. 
Product/By-Product 
Rough Rice (long grain) 
Feed Bran (regular full fat) 
Rice Hulls1 
Stabilized Rice Bran (regular full fat)2 
Rice Bran Oil (solvent ext., crude)3 
Rice Bran Oil (exp. ext., crude) 
Feed Bran (defatted)4 
Rice Hull Ash5 
March 1991 Prices 
for Most Rice Mills 






on Limited Marketings 
/Unit / cwt Rice 
$0.005/ lb $0.105 
$0.75/ lb $0.90 
$2.36/ lb $1 .89 
$0.035/ lb $0.22 
$0.05/lb $0.20 
1March 1991 buying price in Sacramento area for hulls to produce electricity. 
2March 1991 reported selling price for food-grade rice bran at mills with bran stabilizers. 
3Basis Dec. 1990 F.O.B. Los Angeles price for solvent-extracted, non-winterized rice 
bran oil in 55-gal. drums. 
4Assumed equal to regular full fat feed-grade rice bran price. 
5Basis reported F.O.B. Stuttgart, Arkansas, price in 1990. 
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ECONOMICS OF NITROGEN FERTILIZATION 
OF 'KATY' RICE IN ARKANSAS 
Lucas D. Pru-sch, Yufen Yang, Bobby R. Wells 
and Richard J. Norman 
ABSTRACT 
Data from previous nitrogen fertilization studies of rice grown in Ar-
kansas between 1987 and 1990 were analyzed from an economic perspective 
to determine which nitrogen (N) level and midseason timing treatment 
results in the maximum net returns. Preliminary results for the cultivar 
'Katy' show that the economically optimal N level and midseason N timing 
differs from one site to another. Averaged across three locations, 126 lb/ 
acre N results in maximum net returns for average rice prices. The optimal 
N level and timing are more sensitive to changes in rice price than to 
changes in N cost. 
INTRODUCTION 
One important management issue faced by the rice producer is to deter-
mine the economically optimal level of fertilizer to apply. In recent years, 
various studies have been conducted in Arkansas to determine the response 
of rice yields to alternative fertilization regimes, yet none of these studies 
has been analysed for its economic implications. The purpose of this study 
is to utilize existing experimental data from rice fertilization studies and to 
analyze them from an economic perspective. Results of the study should 
provide producers with strategic information on the N level and N timing 
sequence that maximizes net returns. 
PROCEDURES 
Experimental data from recent Arkansas plant area studies that have 
evaluated rice yield response to nitrogen level, timing of nitrogen applica-
tion and plant area measurements (Wells et al., 1989; Wells et al., 1991) 
were assembled and organized for use in the present study. The available 
data set includes five major cultivars ('Newbonnet', 'Lemont', 'Tebonnet', 
'Mars', Katy) grown at six locations in Arkansas over the period 1987-
1990. However, only Katy will be discussed in this article. Using statisti-
cal procedures, a response surface is modeled and estimated for each culti-
var based on experimental plot data on crop yield, nitrogen rate and timing 
and other yield-influencing variables (soil/location, weather/year). Each 
estimated response surface predicts yield as a curvilinear (quadratic) func-
tion of total seasonal N while accounting for the effects of other variables. 
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In each response surface, binary variables are used to explain the impact of 
four N timing treatments: (1) A single N application applied at preflood 
(PF); (2) a two-way split of N applied at PF and 30 lb/acre N applied at 
internode elongation (IE); (3) a three-way split applied at PF and 30 lb/acre 
N at each IE and 10 days after IE (IEl0); and (4) a three-way split at PF 
and 45 lb/acre Nat each IE and IElO (Table 1). 
Once the response surface is developed, differential calculus is used to 
solve the profit-maximizing N level for the specified cultivar at a given 
experimental site for each N timing treatment. Profits, i.e., returns above 
cost of N fertilizer and N application, are computed using the 1986-1990 
five-year average price of rice in Arkansas ($7 .08/cwt) and 1990 prices of 
urea ($0.17/lb N) and 1990 cost of aerial application ($3.27/acre for mate-
rial applications less than 100 lb/acre and $0.071/lb N for urea applications 
greater than 100 lb/acre). Sensitivity of the results to rice price and nitro-
gen cost is subsequently analyzed by repeating the process using different 
price levels. 
RESULTS AND DISCUSSION 
Preliminary results for the cultivar Katy based on data from three 
experimental sites over the period 1989-1990 are presented in Table 1. For 
each site, Table 1 shows the predicted level of total seasonal N that results 
in maximum net returns above nitrogen cost and nitrogen application cost 
along each of four estimated response surfaces. Table 1 also shows pre-
dicted yield, total cost of N materials and N application and maximum net 
returns associated with each N treatment. At each site, the economically 
optimal N timing and total seasonal N level is designated with (*) in the 
Maximum Net Returns column. For example, at Stuttgart, Arkansas, a 
three-way split of 83-30-30 at PF-IE-IElO results in larger returns above 
specified costs than other N timings and N levels. Although the difference 
in predicted maximum net returns between N timings at Stuttgart is not 
great, all response surface treatments are significantly different from each 
other at the 0.01 level of significance. 
The preliminary results for Katy can be summarized as follows: 
1. The optimal timing of N application varies by site. Three-way 
splits are optimal at Stuttgart and Keiser, Arkansas, whereas a 
single preflood application renders highest net returns at Colt, 
Arkansas. This may have been the result of higher disease pressure 
at Colt. 
2. Highest predicted yield is not necessarily associated with the 
economically optimal N timing and level. At Stuttgart, a higher 
predicted yield with treatment 4 results in slightly lower net returns 
than treatment 3 due to increased cost of N and N application. 
3. The economically optimal total seasonal N level varies from 55 lb/ 
acre at Colt to 179 lb/acre at Keiser. Averaged across the three 
sites, the optimal total seasonal N is 126 lb/acre. 
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The results in Table 1 are not independent of economic factors. Table 
2 demonstrates the sensitivity of the results at Stuttgart to alternative prices 
of rice and N fertilizer. Table 2 results for the cultivar Katy at Stuttgart can 
be summarized as follows: 
1. Both the optimal N level and N timing treatment change as prices 
of rice and N vary. 
2. Increases in the price of rice are associated with increased total N 
levels and split applications whereas increases in the price of N are 
associated with decreased N levels. 
3. Changes in the price of rice affect the optimal N level and timing 
more than changes in the price of N. 
The results in Tables 1 and 2 do not account for differing levels of 
residual soil fertility, diseases and pests and other risks associated with rice 
production. The results presented are preliminary in that the reported 
optimal timings and N levels may be sensitive to additional statistical proce-
dures and functional forms of yield response surfaces that have not been 
tested yet. 
SIGNIFICANCE OF FINDINGS 
Nitrogen fertilizer is a major input that can add significantly to rice 
production cost, depending on location and timing (Table 1). The impor-
tance of an economic response surface analysis of rice fertilization is clear. 
It provides the Arkansas rice producer with strategic management informa-
tion that reflects both the agronomic (cultivar, soil type, response to N and 
N timing) and economic factors (prices of rice and N) that affect the optimal 
nitrogen fertilization program. This strategic information can be used in 
concert with the tactical N management information resulting from rice 
plant area studies. Uncertainty in markets, production risks and increased 
public awareness of chemical use in agriculture compels farmers to be both, 
economically informed and ecologically aware. 
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Table 1. Predicted maximum net returns, yields and profit maximizing nitrogen 
level for 'Katy' rice at three Arkansas locations, 1989-1990. 
Pre- Total Maximum 
Predicted N rate dieted nitrogen net 
Site Trt No. 1 PF2 IE IE10 Total yield cost3 returns 
N, lb/acre cwt/acre $/acre $/acre 
Stuttgart 92 0 0 92 6817 22.26 460.50 
2 90 30 0 120 6969 30.06 463.39 
3 83 30 30 143 7108 36.74 466.62""" 
4 76 45 45 166 7152 40.15 466. 15 
Keiser 1 128 0 0 128 6476 30.98 427.61 
2 126 30 0 156 6774 38.73 440.82 
3 119 30 30 179 7115 45.41 458.35* 
4 113 45 45 203 6949 49.07 443.00 
Colt 1 55 0 0 55 5968 13.31 409.31* 
2 53 30 0 83 5891 21.24 395.99 
3 46 30 30 106 5793 27.82 381 .86 
4 42 45 45 132 5855 32.24 382.24 
1Nitrogen timing treatment number. 
2Nitrogen applied at preflood (PF), internode elongation (IE) and 10 days after internode 
elongation (IE10). 
3Total cost of N fertilizer as urea and aerial application. 
0 = Treatment resulting in the maximum net return at each site. 
Table 2. Economically optimal total seasonal nitrogen (N) level 
and N timing treatment for cultlvar 'Katy' at alternative prices 
of rice and N, Stuttgart, Arkansas, 1989-1990. 
Rice Price 







Optimal total N 
Timing lb/acre 
Trt 11 88 
Trt 1 85 
Trt 1 82 
Trt 1 79 
Optimal total N Optimal total N 
Timing lb/acre Timing lb/ acre 
Trt 4 168 Trt 4 172 
Trt 3 143 Trt 4 170 
Trt 3 141 Trt 4 169 
Trt 3 139 Trt 4 144 
1Treatments 1-4 designate distribution of N over PF, IE and IE10. 
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